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© Apparatus and method for optical servo control with media having information storage and servo 
control regions of different reflectivities. 

© An optical servo head and method for reading position information on a medium, such as a magnetic disk, 
having a plurality of optical servo tracks in the form of relatively nonrefiective regions on a reflective surface of 
the medium. With a magnetic disk, the nonrefiective regions comprise concentric grooves etched in the disk 
surface and the reflective regions comprise the land areas between the grooves. The optical servo head is 
mounted on a carriage/head assembly of a disk drive and comprises an infrared light emitting diode, a collection 
lens, a routing mirror and a multiceli photodetector. The method of reading position information from the 
magnetic disk comprises the steps of illuminating the disk with the infrared diode, focusing the image of the 
optical tracks on the cells of the photodetector such that a linear signal will be generated as the optical tracks 
pass the photodetector cells, and generating a continuous output signal from the photodetector cell output which 

Sis used to control the positioning of the carriage/head assembly. The output signal can be directed through a 
synchronous detection circuit to improve the S/N contrast between the reflective and nonrefiective areas. 
0> Additionally, the output signal can be routed to an alignment circuit comprising a pair of digital-to-analog 
J? converters, a pair of digital signal generators, an adder and an electronic filter and which electronically 
^"compensates for imprecision in the servo head - data head separation distance. Track sweeping without leaving 
<Othe position loop is also accomplished through use of the alignment circuit. 
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Apparatus and Method For Optical Serv Control With Media Having Informatl n Storage and Servo 

Control Regions of Different Reflectivities 



BACKGROUND OF THE INVENTION 



5 Field of the Invention 

The present invention relates to an optical servo control apparatus and method for use with media 
having information carrying regions and servo control regions of different reflectivity and more particularly to 
such an apparatus and method which utilizes an unfocused light source, a photodetector having at least two 

io specially shaped photodetection cells and media having servo control regions comprised of equally spaced 
grooves or other contrasting areas on the surface of the medium. An electronic circuit processes the output 
signal from the photodetector so as to permit electronic positioning of a data head over the information 
carrying region, to permit positioning of the data head when the information carrying region comprises more 
than one data track per servo track and to permit the data head to change tracks without leaving the 

75 position loop. 



Description of the Prior Art 

20 The track density of magnetic storage disks of conventional magnetic floppy disk drives is approxi- 
mately forty-eight to one hundred thirty-five tracks per inch. In contrast optical disk drives are capable of 
achieving track densities in excess of 15,000 tracks per inch. These higher track densities are achieved 
through the use of closed loop optical servos that allow the read/write head to follow data track 
eccentricities caused by defects in the medium and by disturbances from outside forces. 

25 Various techniques have been reported for using optical means for acquiring servo information 
contained on a magnetic recording medium. For example, K. Ahn, et al. in U.S. Patent 4, 633.451 for 
"Optical Servo For Magnetic Disks", disclose the use of a laser diode to read servo information in the form 
of a plurality of spots contained in an optical layer positioned above a magnetic recording layer. 

T. DiStefano. et al, in U.S. Patent 4,570,191 for "Optical Sensor for Servo Position Control", disclose a 

30 servo sensor comprising a light source and a light detector, axially aligned and contained on a single 
semiconductor chip. 

M. Johnson, in U.S. Patent 4,558,383 for "Information Storage Disk Transducer Position Control System 
Using a Prerecorded Servo Pattern Requiring no Alignment with the Storage Disk", discloses a servo 
apparatus having a sensor for detecting a pattern of spots on a surface of an information storage medium. 
35 The spots comprise a dense array of substantially translation Invariant marks and separate information 
recording tracks are detecting by measuring the rate at which the spots are detected by the sensor. 

J. Cocke, et al. in U.S. Patent 4.587,579 for "System for Position Detection on a Rotating Disk", 
disclose a servo control system comprising a detector for reading a plurality of spiral radial-position- 
encoding patterns on a medium. 
40 A.S. Hoagland in "Optical Servo of Magnetic Recording". IBM Technical Disclosure Bulletin. Vol. 20- 
(10). page 4108 (March 1978), suggests a system for achieving optical servo control where a flexible disk 
medium includes a plurality of optical servo tracks positioned underneath a magnetic layer. 

N. Koshino and S. Ogawa in "Optical Method of the Head Positioning in Magnetic Disk Systems", 
preprint from IEEE Transactions on Magnetics (1980). disclose an optical head for achieving servo control 
45 which is mounted on the head arm and which includes an LED light source and three optical fibers for 
delivering light to a medium. The medium comprises a plurality of circular optical tracks, dyed black, and 
located underneath a magnetic film. 

Related development has occurred in the compact disk (CD) industry where laser detection systems 
are used to read the very closely spaced laser etched tracks. In a three-beam tracking technique, a six- 
so element photodetector cell is utilized. This photodetector has six light s nsitive areas, or cells, arranged so 
that there are four centrally located square or triangular cells flanked by two outer rectangular shaped cells. 
Typically, the center cells are used for the focus servo function while the two outside ceils are used for the 
tracking servo function. In a far field tracking technique, a photodetector having only four cells is utilized. 
Both of these techniques depend on the well b haved characteristics of a focused beam of coherent light 
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generated by a laser light source for their proper operation. Additionally, to the inventor's knowledge, all 
reported optical tracking techniques utiliz media having no more than on data track per servo track. 
Furthermore, all reported servoing techniques used in storage devices are unable to move continuously 
between data and servo tracks while retaining the ability to stop at any point betwwen the data and servo 
5 tracks without leaving the position loop. 

SUMMARY OF THE PRESENT INVENTION 

It is therefore an object of the present invention to provide an optical head that utilizes an incoherent 
light source. 

It is another object of the present invention to provide an optical head that can provide servo 
information when one or more data tracks are located between two servo tracks. 
is It is another object of the present invention to provide an optical servo signal from a magnetic data 
medium where the servo information is decoupled from the magnetic data 

ft is another object of the present invention to provide an optical head capable of reading servo 
information from media having track densities of greater than approximately 1000 tracks per inch. 

It is another object of the present invention to provide an optical head that gives a position error signal 
20 containing directional (quadrature) information. 

It is another object of the present invention to provide an optical head that can generate a continuous 
position error signal when the information carrying regions and the servo control regions are of equal or 
nonequal areas. 

It is another object of the present invention to provide an electrical circuit that can utilize the position 
25 error signal to align the magnetic head over the information carrying region. 

It is another object of the present invention to provide an electrical circuit that can utilize the position 
error signal for track crossing without having to leave the position loop. 

Briefly, a preferred embodiment of the present invention includes an infrared light emitting diode (LED), 
a collection lens, a routing mirror, and a multicell positive Intrinsic negative (PIN) photodetector all mounted 
30 on a magnetic head/slider assembly. Pulsed light emitted by the LED illuminates a plurality of concentric, 
alternating, rings of a first degree of reflectiveness and rings of a second degree of reflectiveness on the 
surface of a magnetic medium. The second degree rings may be grooves etched into the surface of the 
medium and the first degree reflective rings may be the "land" areas between two rings of the second 
degree. Light is reflected off the land areas and focused on the photodetector by the collection lens and the 
35 routing mirror. The collection lens is designed to create a magnified image of the grooves at the 
photodetector surface. 

The PIN photodetector comprises an array of four individual, square-shaped, photosensitive ceils 
arranged so that a larger square is formed. The large square is oriented so that a diamond configuration is 
obtained. The light image of the rings projected on the photodetector is focused so that a diagonal of one of 

40 the individual ceils fits betwwen two groove images. 

In this configuration, the PIN photodetector generates a pair of signals, called the N and Q signals, that 
can be used for servo control. As one of the grooves passes by the collection lens, the response signal 
from an individual cell of the array begins to decrease and reaches a minimum when the groove image is 
centered on the individual cell. As the groove image continues accross the cell, the signal begins to rise 

45 untii a maximum value is reached. The signal is linear on both sides of the minimum and maximum values. 
The signals from two adjacent cells can be electronically subtracted to yield a signal defined as the U 
signal. The signal from the other pair of adjacent cells can also be electronically subtracted to yield a signal 
defined as the V signal. The N and Q signals are defined to be the sum and the difference, respectively, of 
the U and V signals. The servo can be locked on either side of N or Q. Furthermore, the N and Q signals 

so are 90* out of phase, thus producing a quadrature situation. Because the N and Q signals are derived from 
the configuration of the land and groove areas and not from data recorded on the land or groove areas, the 
servo signal is decoupled from th magnetic data. 

The output from the PIN photodetector can be directed through a synchronous detection circuit before 
the U and V signals are formed to improve the signal-to-noise ratio. Additionally, the N and Q signals can 

55 be used to electronically align the magnetic head over single or multiple data tracks and to change data 
tracks without leaving the position loop. These h ad alignment and track changing functions are accom- 
plished by feeding the N and Q signals into a circuit comprised of a pair of digital signals generators, a pair 
of digital-analog converters, an adder and a low pass filter. The circuit calculat s an offset value which will 
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mov the optical head off the center of the optical track, but which will more the magnetic head to the 
center of a data track. By continuously repeating this alignment process, th multiple track r ading and the 
track changing functions are accomplished. 

An advantage of the present invention is that the optical head utilizes an infrared light emitting diode as 
5 the light source. 

Another advantage of the present invention is that a symmetrical continuous position error signal is 
generated. 

Another advantage of the present invention is that the optical servo signal is decoupled from the 
magnetic data. 

10 Another advantage of the present invention is that a pulsed light source and synchronous detection 
technique can be employed to enhance the signal-to-noise ratio of the photodetector output signal. 

Still another advantage of the present invention is that the photodetector output signal has directional 
characteristics. ....... 

Another advantage of the present invention is that an electronic circuit is described that uses the 
75 photodetector output signal to electronically align a head over an information carrying track. 

Yet another advantage of the present invention is that the electronic circuit generates a position error 
signal that can be used to drive a data head across a plurality of tracks without leaving a position loop. 

Another advantage of the present invention is that the optical head can provide servo information for 
media having more than one information carrying track included between two servo tracks. 
20 SUH another advantage of the present invention is that a method for reading servo information from a 
medium containing a plurality of alternating reflective and nonreflective concentric rings is provided. 

Another advantage of the present invention is that the optical head is both inexpensive and highly 
reliable. 

These and other objects and advantages of the present invention will no doubt become obvious to 
25 those of ordinary skill in the art after having read the following detailed description of the preferred 
embodiment which is illustrated in the various drawing figures. 



IN THE DRAWINGS 



Rg. 1 illustrates a diagrammatic perspective view of an optical head illuminating a flexible magnetic 
disk according to the present invention; 

Rg. 2a is a block diagram of a quad-arrangement of photodetector cells; 
35 Rg. 2b shows the quad-arrangement of Rg. 2a rotated by forty-five degrees to yield a diamond 

configuration; 

Rg. 3a shows a photodetector element in the shape of an isosceles triangle; 
Rg. 3b shows a photodetector element in the shape of an equilateral triangle; 
Rg. 3c shows a photodetector element in the shape of a rectangle; 
40 Rg. 3d shows the photodetector element in the shape of a semicircle; 

Rg. 3e shows a photodetector element having a "pie-shape"; 

Rg. 4a is a schematic view of the disk image as seen on the detector when the detector is rotated at 
a 45* angle; 

Rg. 4b shows the same view as in Rg. 4a t but with the detector rotating at an angle other than 45 ; 
45 Rg. 5 is a graphical representation of the signals generated by the cells A and B when the signals 

are 180* out of phase; 

Rg. 6 is a graphic representation of the signals generated by the cells A and B when the signals are 
approximately 135* out of phase; 

Rg. 7 is a graphical representation of the N and Q signals generated by electronically manipulating 
so the signals generated by the ceils A, B, C and D; 

Rg. 8 shows a block diagram of a synchronous detection circuit for use in improving the signal-to- 
noise ratio in the signals generated by the cells A, 8, C and 0; 

Rg. 9 shows a cross-sectional view of a magnetic disk with optical and magnetic heads aligned over 
the land and groove areas on the surface of the disk; 
55 Rg. 10 shows a block diagram of an electronic circuit for electronically manipulating the output signal 

from the detection circuit shown in Rg. 8 in order to align a data head over a data track; 

Rg. 11 is a graphical representation of three position error signals generated by the circuit shown in 
Rg. 10 with each of the three position error signals having a different phase shift; 



4 



EP0 336 419 A2 



Fig. 12 shows a block diagram of the circuit used to generate a position error signal formed by 
combining the circuits of Figs. 8 and 10; 

Fig. 13 shows a m dium having two data tracks positioned b tween two serv tracks; 

Fig. 14 illustrates an alternative embodiment of the optical head of Fig. 1 which includes a cylindrical 

5 lens; 

Fig. 15 is a schematic view of the disk image as seen on the detector when the alternative 
embodiment of Fig. 14 is utilized; 

Fig. 16a is a top view of a medium having a plurality of noncontinuous servo tracks; 
Fig. 16b is a top view of a medium having a single continuous servo track; and 
10 Fig. 16c is a perspective view of a medium utilizing a plurality of transparent spots or holes as the 

servo tracks. 

* DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

is 

Fig. 1 shows an optical head of the present invention represented by the general reference numeral 10. 
A light source 12 is mounted on a support assembly 14 which may include a read and/or write head 15 of a 
magnetic disk drive. A medium 16. which may rotate about an axis of rotation 17, is illuminated by a 
so plurality of unfocused light rays 18 emitted by the source 12 and which pass through an aperture 20 cut in 
the assembly 14. 

In the preferred embodiment, the source 12 comprises an infrared light emitting diode and the rays 18 
are pulsed. The illumination of the medium 16 could also be accomplished with a focused beam of coherent 
or incoherent light or by an unfocused beam of coherent light such as the unfocused beam of a laser. 
25 At least some of the rays 18 are oriented around an optical axis 22 which is centered on the surface of 
the medium 16 at a point n P". The optical axis 22 forms an angle fii measured from a line N normal to the 
surface of the medium 16 at the point "P". In general, the angle e^ is approximately 20*. A plurality of 
reflective areas 26 and a plurality of nonreflective areas 28 are located on the surface of the medium 16. 

In the preferred embodiment, the medium 16 is a cylindrical piece of a flexible magnetic media 
30 enclosed in a rectangular jacket 30, a combination that is typically referred to as a floppy disk. The 
nonreflective areas 28 comprise a plurality of equally spaced, continuous, concentric grooves inscribed on 
the surface of medium 16. A spacing "s" exists between the grooves of approximately seventeen microns 
(.000680 inches) and the grooves have a width of approximately three microns (.000120 inches) and a 
depth of approximately one micron (.000040 inches). "Nonreflective", as used in the phrase "nonreflective 
35 areas 28 n , refers to relative reflectivity. The nonreflective areas 28 reflect less light than the reflective ares 
26. In this embodiment, the nonreflective areas 28 carry the position information and in optical terminology 
are referred to as groove areas or optical tracks. 

The reflective areas 26 are the plurality of spaces (land areas) that exist between the nonreflective 
areas 28 and are capable of reflecting more light than the nonreflective areas 28. In the preferred 
40 embodiment, the reflective areas 26 reflect approximately 4% to 10% of the incident rays 18 and the 
contrast between the reflective and nonreflective areas is approximately 4% to 10%. 

In other embodiments, the groove areas can be more reflective than the land areas. The only 
requirement is that the contrast between the groove and land areas is sufficient to provide a signal (i.e. 
approximately 4% - 10%). 

-is In Fig. 1, light from the rays 18 is reflected off the reflective areas 26. as a reflected beam 32. at an 
angle 0 2 relative to line N. The angle e 2 is equal to the angle 9^ . The beam 32 passes back through the 
aperture 20 and onto a collection lens 34 located in close physical proximity to the light source 12. An 
included angle $ is defined as the angle between the light source 12 and the collection lens 34. In the 
preferred embodiment the included angle <f> is equal to 2fli and should be in a plane containing the line N 

so in order to maximize the contrast between the reflective areas 26 and the nonreflective areas 28. In 
alternative embodiments, having different groove shapes and/or different optical configurations, the included 
angle <t> could lie in a different plane and/ r bears no relationship to Oi and Qz. 

The collection lens 34 may be a plastic injection molded part with a lens surface 36 which has an 
aspheric profile and a lens surface 38 which is spherical. The light collection cone of lens 34 has an F 

55 number of F/1.75. 

A beam 44 emerges from the collection lens 34 and is directed to a routing mirror 46 which directs the 
beam 44 to a photodetector 50. TTie photodetector 50 has two or more photodiode cells 52. having identical 
shapes, for converting light energy to electrical current. The amount of current produced is proportional to 
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the light power impinging on each of the ceils 52. 

Photodetectors 50 which have been used have a responsivity of approximately 0.6 milliamps/milliwatt. 
In the preferred embodiment, each of the cells 52 are positive intrinsic negative (PIN) photodiodes. 

A plurality of synchronous detection circuts 53, one circuit 53 for each cell 52, are electrically 

5 connected to the photodetector 50 for electronically processing the output signal from each cell 52. Each of 
the circuits 53 are electrically connected to a pulse generator 54 by a lead 55 forming a synchronous 
detector that provides output position signals for use by a servo control system (not shown). The pulse 
generator 54 is electrically connected to the source 12 by a lead 56. 

In the preferred embodiment, the photodetector 50 has four square cells 52. Fig. 2a shows that the four 

io cells 52 are arranged to form a quad-arrangement 58 which is a square region formed by the cells 52. If the 
quad-arrangement 58 is rotated at an angle e 3 of forty-five degrees relative to the horizontal, a "diamond- 
configuration, shown in Fig. 2b, is achieved for each of the cells 52. A space 60 of width n w" exists between 
any adjacent cells 52 in the. quad-arrangement 58 and each. cell 52 has a vertical dimension "di" and a 
horizontal dimension "h\ The cells 52 are shaped such that the signal generated by an individual cell 52 

75 varies continuously as a mask of uniform width moves across the surface of the cell 52. The mask could be 
either a dark strip against a bright background or a bright strip against a dark background. For example, K 
an individual cell 52 in Fig. 2b is completely illuminated with light, the current generated by the cell 52 is 
not constant as a mask "m" moves across the face of the cell 52 in the indicated direction. The width of the 
mask "m" is less than di and the length of the mask m is greater than h. 

20 Other shapes, such as isosceles or equilateral triangles, rectangles, half-circles or "pie-shapes" shown 
in Figs. 3a, 3b, 3c, 3d and 3e, respectively, would also be suitable for the ceils 52. In general, any cell 
shape for which an incremental change (Ax) in the radial position of the mask "m" on the cell surface 
causes an increase or decrease in the output current (Al) such that Al/Ax = ± f(x), where f(x) is a nonzero 
function, would be suitable for use in the detector 50. 

25 A component suitable for use as the photodetector quad-arrangement 58 may be derived from a six- 
element photodetector found in many commercially available compact disk (CD) players. The two outer 
photodetector elements are disconnected, thereby leaving the other four elements in a the quad- arrange- 
ment 58. 

Fig. 4a shows a magnified image of the reflective areas 26 and intermediate nonreflective areas 28 as 

30 they appear to the quad-arrangement 58 of ceils 52 of detector 50 when 0 3 equal 45* . For convenience the 
four cells 52 have been labeled A. B, C and D. The magnified light rays from the reflective areas 26 create 
a width d 2 and the magnified image of the nonreflective areas 28 have a width d 3 . The width d 2 is equal to 
the spacing "s". shown in Fig. 1, times the magnification factor of the lens 34 (discussed later). In the 
preferred embodiment the width d 2 is not equal to d 3 and the magnification factor of the collection lens 34 

35 is chosen such that the diagonal n dr of individual ceils 52 fits exactly between the image of two adjacent 
nonreflective areas 28 (i.e.. such that di = d 2 ). In alternative embodiments, d 2 and d 3 could be equal 
and/or di and d 2 might not be equal. 

In Fig. 4b. the quad-arrangement 58 has been rotated with respect to the position in Rg. 4a (I.e., 63 is 
not equal to 45*). In this orientation, di is angled so that it no longer extends exactly between two adjacent 

40 nonreflective areas 28. 

Fig. 5 shows a graphic representation of a pair of signals 64 and 66 generated by the cells A and B. 
The horizontal axis represents radial displacement across the nonreflective areas 28 and the vertical axis 
represents relative signal amplitude. Thus, the signals 64 and 66 represent the signal output of ceils A and 
B, respectively, versus the relative position of nonreflective areas 28. When the diagonal di of ceil A is 

45 exactly between two nonreflective areas 28. as shown in Rg. 4a. the signal from cell A is at a maximum 
point 68 in Rg. 5. When one nonreflective area 28 is centered on ceil A, the signal from cell A is at a 
minimum point 70. Thus, as one nonreflective area 28 passes the cell A, the signal 64 drops linearly from 
the maximum point 68 to the minimum point 70 and then increases linearly back to the maximum point 68. 
As soon as one nonreflective area 28 clears ceil A, another nonreflective are 28 begins to cross. This is 

50 important because it prevents any regions with zero slope from occurring in the signals shown in Rg. 5. 
The ability of the cells 52 to generate continuous output signals allows the optical head 10 to be used when 
the reflective areas 26 and nonreflective areas 28 have equal widths (i.e. d 2 s d 3 ) or nonequal widths (i.e. 
d 2 = d 3 ). The regions around the maximum points 68 and the minimum points 70 are curved due to the 
width of the groove, d 3 , as its image crosses the tips of the diamond shaped cells 52. 

55 The signal from cell B, shown as signal 66, displays the same pattern as th signal from cell A. In Rg. 
5, the signals 64 and 66 are sh wn as being one hundred and eighty degrees out of phase. In other words, 
when the signal from cell A is at a maximum point 68, the signal from cell B is at a minimum point and vice 
versa. However, in practice, the phase relationship of the signals 64 and 66 depends larg ly on the 
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configuration of the quad-arrangement 58, on the space 60 and on the rotation angle 03. 

in th method for obtaining signals that are 90* out of phase, to be described below, it is desirable that 

the signals 64 and 66 be out of phase by some degree not equal to 0* or 180*. In the preferred 

embodiment, by rotating the quad-arrangement 58 of cells 52^ to the orientation shown in Rg. 4b. where 03 
5 is approximately 57* , a satisfactory phase difference of 135* can be obtained for the signals 64 and 66. 

The optimal value of 63 and of the phase difference will vary for different geometries of the detector 50 or 

for different widths n w n for the space 60. 

Fig. 6 shows the signals 84 and 66 having a suitable phase difference of approximately 135*. The 

output signals from cells C and D produce a pair of signals analogous to the signals 64 and 66 shown in 
10 Rg. 6. 

Rg. 7 shows a pair of signals 72 and 74 generated by electrically manipulating the output signals from 
the cells A, B, C and D. The signal 72 is referred to as the normal or N signal and the signal 74 is referred 
to as the quadrature or Q signal. Each of the signals 72 and 74 have a plurality of maximum points 76 and 
a plurality of minimum points 78. The signal 72 is ninety degrees out of phase with the signal 74 meaning 

75 that the maximum points 76 and the minimum points 78 on the signal 72 overlap the midpoints between the 
maximum and minimum points 76 and 78 on the signal 74. 

Rg. 8 is a block diagram showing the analog electronic components of the optical head 10 in more 
detail (optical components are not shown). Each synchronous detection circuit 53 comprises an amplifier 94 
electrically connected to the detector 50; a bandpass filter 96 electrically connected to the amplifier 94; a 

20 multiplier 98 electrically connected to the bandpass filter 96; and a iowpass filter 100 electrically connected 
to the multiplier 98. An output lead 102, electrically connected to the Iowpass filter 100, provides a means 
for delivering the signals from the cells A, B, C or D to other electronic circuitry for achieving the servo 
controlfunction of the head 10. The pulse generator 54 is electrically connected to the multiplier 98 by lead 
55. 

25 The circuitry shown in Rg. 8 improves the sensitivity of the optical head 10 by permitting synchronous 
detection techniques to be utilized. The signal generator 54 pulses the rays 18 at a known frequency fi - 
(carrier). The rays 18 are modulated when they encounter the surface of the medium 16. Thus, the reflected 
beam 32, at the frequency fi, is amplitude modulated by the intensity information from the reflective areas 
26 and nonreflective areas 28. The amplifier 94 boosts the output from the detector 50. The bandpass filter 

30 96 removes extraneous noise from the amplified signal and the multiplier 98 rectifies the amplitude 
modulated carrier. The Iowpass filter 100 removes all frequency components above the desired moduiator 
bandwidth. The output from the Iowpass filter 100 is the signal having the form of signal 64 or signal 66 
shown in Rg. 6. 

In order to generate the signals 72 and 74, shown in Rg. 7, the outputs from the circuits 53 are 
35 electronically manipulated by a plurality of transducers (shown later in Rg. 12). This electronic manipulation 
involves the steps of: first, subtracting the output signal of cell B from the output signal of cell A to yield a 
signal U; second, subtracting the output signal from cell D from the output signal of cell C to yield a signal 
V; third, forming a pair of signals N and Q where N = U + V and Q = U - V. The signals N and Q are the 
signals 72 and 74, respectively. The signals N and Q are in quadrature because they are ninety degrees out 
40 of phase (i.e. N = Q ± 90*). A prerequisite to the generation of the signals N and Q is that the signals U 
and V approximate sine waveforms and that they not be in phase or not be 180* out of phase. 

The N and Q signals (signals 72 and 74), possess several characteristics that are useful to a servo 
electronics system for use with a high track density magnetic disk. Rrst, the signals 72 and 74 are linear as 
the optical servo tracks (nonreflective areas 28) pass the optical head 10. This characteristic is ensured by 
45 fixing the magnification of the collection lens 34 such that the diagonal di in Rg. 4a fits exactly between the 
image of two nonreflective areas 28. The proper magnification factor for lens 34 can be calculated from the 
geometry of the cells 52 shown in Rg. 4a. Where s equals the width of the reflective area 26 from Rg. 1, 
the magnification factor (mf) is given by 
mf = dv's. (1) 

50 In the preferred embodiment, di = .00376 inches, s = .00068 inches, yielding an mf of 5.53. 

Second, since the two signals 72 and 74 are ninety degrees out of phase, they can be used to provide 
directional information (quadrature) to each other. 

Rg. 9 shows a cross-sectional view of the medium 16. The optical head 10 and a data head 110, which 
could be magnetic read/write head 15, are physically attached to each other by a physical means 112, 
55 which fixes a mechanical separation distance Z between the heads 10 and 110. The head 110 is shown 
centered over a center point f located approximately in the middle of the reflective area 26. The optical 
head 10 is shown centered over a point g which is offset from the center of the nonreflective area 28 by an 
offset distance y. 



7 



EP 0 336 419 A2 



Fig. 10 shows a circuit 119 for electronically manipulating the signals 72 and 74. A pair of digital signal 
generators 120 and 122, capable of generating sine and cosine waveforms, or equivalent, are electronically 
connected to a pair of digital-analog converters 124 and 126, respectively. Each of the converters 124 and 
126 are electrically connected to an operational amplifier (adder) 128 which is electrically connected to a 

5 lowpass filter 130. The digital signal generators 120 and 122 could be, among other things, microproces- 
sors, read only memories (ROMS), counters or registers. A position error signal (PES) 132 is the output of 
the circuit 119. The PES 132 has the same waveform as either signal 72 or 74. but is shifted in phase from 
the N and Q signals by a controllable amount. 

The signals 72 and 74 can be used to align the optical head 10 and the data head 110. In order to 

10 maximize the ability of the head 110 to read and write data, it is desirable that the head 110 be centered 
over the reflective area 26 at the point f as shown in Fig. 9. However, in the manufacturing process of the 
optical head 10, it is desirable not to precisely define the mechanical separation distance Z between the 
optical head 10 and the data head 110. If the distance Zis manufactured within a certain tolerance (e.g., 
approximately 0.005 inches), the signals 72 and 74 can be used to insure that the head 110 is always 

is centered on the point f. This is accomplished by allowing the optical head 10 to be offset from the center of 
the nonreflective area 28 by the offset value y. The offset value y is electronically determined by using the 
signals 72 and 74 and the angle-sum or angle-difference trigonometric relations. For example, equations (2) 
and (3) below can be used to determine the value of y. In equation (2), Acos x is the signal 72, Asin x is the 
signal 74 and Acos k and Asin k are digital words generated by the signal generators 120 and 122. 

20 respectively, shown in Fig. 10. The parameter k is an angle of the phase shift of the PES 132 required to 
offset the optical head 10 by the distance y. 
Asin x Acos k - Acos x Asin k = Asin(x-k) (2) 

The terms are multiplied in the multiplying analog-to-digital converters 124 and 126 and subtracted by 
operational amplifiers. The difference. Asin(x-k), is the PES 132 phase shifted by an amount k degrees. The 
25 offset value y is related to k by equation (3): 



30 



35 



40 



45 



50 



55 



where k is in units of degrees and y Is In units of length. 

The PES 132, which Is the output signal from the circuit 119, is used to maintain the optical head 10 at 
the position g (shown in Fig. 9) thus forcing the data head 110 to be centered over the reflective area 26. 
This control function can be accomplished by standard servo techniques. For example, the PES 132, which 
is a voltage signal roughly proportional to postion of the optical head 10, can be converted to a current The 
current is then passed through a coil in a magnetic field which generates a force on the support assembly 
14. When the assembly 14 is disturbed from its proper position, an actuator generates a force which pushes 
the assembly 14 back to the proper position. 

Another function of the PES 132 is to permit the optical head 10 to enter a seeking mode. During 
normal operation, a position function holds the data head on track (i.e., the PES 132 is maintained at a 
constant voltage). In the seeking mode, the head 10 crosses one or several of the optical tracks 
(nonreflective areas 28) but retains continuous position information without leaving the position loop. 
Remaining in the position loop during the seeking mode minimizes head settling time. 

Fig. 11 illustrates the way in which the PES 132 is utilized in the seeking mode. By continuously 
multiplying the N and Q signals with the digital words Acos k and Asin k through circuit 119 (shown in Fig. 
10), the phase of the PES 132 is shifted. This generates a new PES 134 which causes the optical head 10 
to shift to a different region of the track or to a new track. By continuing this process another signal, PES 
136, is generated which causes another whole or partial track shift. Thus, by continuous use of circuit 119, 
the optical head 10 can be continuously roiled across the optical tracks (nonreflective areas 28). 

This seeking process can be summarized as follows: 

1. input signals 72 and 74 into circuit 119; 

2. input phasing signals with signal generators 120 and 122 and DAC's 124 and 126; 

3. multiply sine/cosine with input signal; 

4. generate phase shifted PES by subtracting signals with operational amplifier 128 and passing 
through low pass filter 130. 

5. roll optical head 10 through phase to obtain offset of data head 1 10; and 
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6. continuously repeat steps 2-4 to achieve seeking mode. 

Fig. 12 shows the manner in which the circuits 53 and 119 are combined to produce the PES 132. The 
pair of output leads 102, which carry the A and B signals, are electrically connected to a first adder 138. 

5 The adder 138 is used to electronically form the signal U which is the difference A - B. The pair of output 
leads 102, which carry the C and D signals, are electrically connected to a second adder 140. The adder 
140 is used to electronically form the signal V which is the difference C - D. 

The signal U is then transmitted to a third adder 141 and to a fourth adder 142 by a pair of electrical 
leads 144 and 145, respectively. The signal V Is transmitted to the adders 141 and 142 by a pair of 

io electrical leads 147 and 148, respectively. The signal N, which is the sum U + V, is electronically formed 
by the adder 141 and the signal Q, which is the difference U - V, is electronically formed by the adder 142. 
The N and Q signals are then electronically manipulated by the circuit 119 as previously described. 

Fig. 13 shows another use of the PES 132. Two or more data tracks 149 can be located on the 
reflective area 26 positioned between two noneffective areas 28. The reflective area 26 has the total width 

75 "s" which is the separation between the nonreflective areas 28. The PES 132 generated by the circuit 119 
can be used to move the optical head 10 (and hence the data head 110) in small increments so that the 
data head 110 can be centered on any of the data tracks 149. The small Incremental movements are 
achieved by utilizing the technique described above for the seeking process, but by changing the digital 
words "Acos k" and "Asin k" to appropriate values to obtain the small incremental movements. 

20 Fig. 14 shows a portion of an alternative embodiment of the optical head 10 shown in Fig. 1. In the 
alternative embodiment, a cylindrical lens 150 has been inserted between the routing mirror 46 and the 
photodetector 50. The cylindrical lens 150 has curvature in only one axis thus creating an anamorphic 
magnification (i.e. different magnification in one axis from the other) which increases the field view of the 
detector 50. Except for the inclusion of the cylindrical lens 150, the alternative embodiment of Fig. 14 is 

25 identical to the preferred embodiment shown in Fig. 1. 

Fig. 15 shows the effect of the cylindrical lens 150 on the image of the reflective areas 26 and 
nonreflective areas 28 projected on the cells 52. The dimensions perpendicular to the land and groove 
areas (i.e. 62 and d 3 ) are uneffected. However, the direction parallel to the land and groove area is 
compressed. This has the effect of making the reflective areas 26 appear brighter than they would in the 

30 absence of the lens 150, thus improving the contrast between the reflective areas 26 and the nonreflective 
areas 28. 

The exact embodiment of the medium 16, shown in Fig. 1, is not critical to the functioning of the optical 
head 10. The medium need only have a plurality of alternating reflective areas 26 and equally spaced 
nonreflective areas 28 fl.e. the spacing "s" should be constant throughout the medium 16). For example, 

35 Fig. 16a shows the medium 16 where the nonreflective areas 28 comprise a plurality of noncontinuous 
darkened areas arranged in concentric rings. The darkened areas could be grooves etched in the surface of 
the medium 16 or they could be produced by some other method such as a photolithographic process. The 
surface area of medium 16 not containing the darkened areas would serve as the reflective areas 26. The 
medium 16 could be a hard disk, comprised of a metal, or a floppy disk as previously described or a 

4Q magnetic tape or any other medium capable of supporting the plurality of alternating reflective areas 26 and 
nonreflective areas 28. 

Fig. 16b shows an embodiment of the medium 16 in which the nonreflective area 28 comprises one 
continuous track in the form of a spiral. 

Fig. 16c shows another embodiment of the medium 16 wherein the reflective areas 26 comprise a 
45 plurality of spots arranged in concentric circles on the medium 16. The spots could be holes extending 
perpendicularly through the medium 16 or they could be transparent or semitransparent regions on the 
medium 16. The nonreflective areas 28 comprise the surface regions of the medium 16 surrounding the 
spots. In this embodiment the reflective areas 26 actually pass light and the nonreflective areas 28 block 
light or pass less light As shown in Fig. 16c, this embodiment would require that the light source 12 be 
50 positioned on the opposite side of the medium from the optical head 10. 

in the preferred embodiment of Fig. 1, the image of the reflective areas 26 and the nonreflective areas 
28 is generat d by illuminating the medium 16 with the light rays 18 generated by using an infrared light 
emitting diode (IR LED) as the source 12. The use of an IR LED provides several advantages in terms of 
performance and cost First the output power of an IR LED is higher than that of a visible LED and can be 
55 further increased by operating the LED in a pulsed mode. Secondly, the IR LED signal can be still further 
enhanced by using a photodetector having its highest sensitivity in the infrared region. Thirdly, the IR LED 
is a low cost component which is more reliable than a laser light source for long term operation. 

In the preferred embodiment, the medium 16 acts as a mirror and reflects four to ten percent of the 
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rays 18 from the reflective areas 26. The reflected beam 32 carries with it an image of medium 16 showing 
the reflective and nonr flective areas 26 and 28. Light incident on a noneffective area 28 tends to scatter 
instead of being reflected in a specular manner, thus causing the nonreflective areas 28 to appear darker 
than the reflective areas 26 as less light is collected by the lens 34 and transmitted to the detector 50 in 
5 these regions. When the dimensions of th nonreflective areas 28 are of the same order of magnitude as 
the wavelength of incident light (0.9 microns for infrared light), there is some diffraction of the rays 18 along 
with the scattering. The final contrast ratio of nonreflective area 28 is reflective area 26 depends on the 
sensitivity of optical head 10 to diffraction, collection F/#, magnification, and the physical configuration of 
the photodetector 50. 

10 Although the present invention has been described in terms of the presently preferred embodiment, it is 
to be understood that such disclosure is not to be interpreted as limiting. Various alterations and 
modifications will no doubt become apparent to those skilled in the art after having read the above 
disclosure. Accordingly, it is intended that the appended, claims be interpreted as covering all alterations 
and modifications as fall within the true spirit and scope of the invention. 



Claims 

1. An apparatus for extracting control information from a medium containing a plurality of reflective 
20 areas and a plurality of nonreflective areas which comprises: 

a light source for illuminating a plurality of reflective areas having a first width, and a plurality of 
nonreflective areas having a second width, on a surface of a medium; 
a collection lens for focusing an image of said reflective areas and said nonreflective areas; and 
a photodetector comprising at least two cells, each of said cells functioning to generate an electrical signal 
25 in response to illumination of said cells by said image, said cells having approximately identical shapes with 
said shapes causing said electrical signal to vary continuously as said image moves relative to said cells. 

2. The apparatus of claim 1, further including: 

a cylindrical lens positioned between said collection lens and said photodetector. 

3. The apparatus of claim 1 wherein. 

30 the light source comprises an incoherent light source. 

4. The apparatus of claim 1 wherein. 

the light source comprises a coherent light source. 

5. The apparatus of claim 3 wherein, 

said incoherent light source comprises an infrared light emitting diode. 
35 6. The apparatus of claim 4 wherein, 
said coherent light source comprises a laser. 

7. The apparatus of claim 6 wherein, 
said laser operates in an unfocused mode. 

8. The apparatus of claim 1 wherein, 

40 each of said light sensitive cells are square shaped. 

9. The apparatus of claim 1 further including, 

a first electronic circuit connected to the photodetector for improving the stgnal-to-noise ratio of a signal 
generated by said light sensitive cells. 

10. The apparatus of claim 9 wherein the first electronic circuit comprises, 
45 an amplifier for electronically magnifying an input signal; 

a multiplier connected to the amplifier; and 

a signal generator electrically connected to said multiplier detector and to said light source, whereby the 
first electronic circuit comprises a synchronous detection circuit 

11 . The apparatus of claim 1 wherein, 

so said plurality of nonreflective areas comprise a plurality of grooves and said plurality of reflective areas 
comprise a plurality of land areas, each of said land areas existing between two adjacent grooves. 

12. The apparatus of claim 1 wherein, 

said plurality of nonreflective areas comprise a plurality of darkened regions and said plurality of reflective 
areas comprise a plurality of land areas, each land area existing between two or more of said darkened 
55 regions. 

13. The apparatus of claim 1 wherein, 

said medium is a disk with said plurality of nonreflectiv areas comprising a plurality of concentric, 
noncontinuous regions. 
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14. The apparatus of claim 1 wherein, 

said medium comprises a magnetic recording media with said reflective areas including one or more data 
tracks incorporated therein. 

15. The apparatus of claim 1 wherein, 
said first width is equal to said second width. 

16. The apparatus of claim 1 wherein, 

said medium comprises a floppy magnetic disk. 

17. The apparatus of claim 1 wherein, 
said medium comprises a hard magnetic disk. 

18. The apparatus of claim 1 wherein, 

said medium is positioned between said light source and said detector. 

19. The apparatus of claim 9 further including, 

a second electronic circuit for receiving signals from said first electronic circuit and comprising at least two 
digital-to-analog converters for electronically manipulating an output signal from said first electronic circuit, 
the second electronic circuit producing a position error signal for positioning a data head over said reflective 
areas. 

20. A method for generating, servo information from a medium which comprises: 

a. illuminating a medium comprising a plurality of optical tracks and a plurality of land areas with a 
plurality of rays of unfocused light 

b. focusing an image of at least two adjacent optical tracks and an image of at least one land area on 
a detector having two or more signal generating cells: 

c. generating a continuous signal as said image of at least two adjacent optical tracks and said image 
of at least one land area passes said signal generating cells; and 

d. using said signal as a source of servo information. 

21. The method of claim 20 further including, 

a pulsing said plurality of rays of unfocused light prior to illuminating said medium. 

22. The method of claim 20 further including, 

e. determining an offset value for a data head which will allow the data head to be aligned over at 
least one of said plurality of land areas: 

f. feeding said offset value into a signal generator capable of generating a waveform which 
incorporates said offset value; and 

g. mixing said waveform with said continuous signal in order to cause said data head to be aligned 
over at least one of said plurality of land areas. 

23. A method for generating servo information from a medium wherein said information includes two 
servo signals 90* out of phase with each other, the method comprising: 

a. generating a first set of signals comprising two continuous signals, signal A and signal B, which 
signals A and B are out of phase relative to each other by an amount not equal to 0* or 180*. the first set 
of signals including information about the relative positions of at least a first nonreflective area and at least 
one reflective area on said medium; 

b. generating a second set of signals comprising two continuous signals, signal C and signal D, which 
signals C and D are out of phase relative to each other by an amount not equal to 0' or 180*. the second 
set of signals including information about the relative positions of at least a second nonreflective area and 
said reflective area on said medium; 

c. forming a signal U by subtracting signal B from signal A; 

d. forming a signal V by subtracting signal D from signal C; 

e. forming an N signal by adding said U signal to said V signal; and 

f. forming a Q signal by subtracting said V signal from said U signal. 

24. An apparatus for generating a data head alignment signal which comprises: 

a first digital-to-analog converter means for receiving a first signal including information about the relative 
positions of at least a nonreflective area and at least one reflective area; 

a second digital-to-analog converter means for receiving second signal, said second signal being approxi- 
mately 90* out of phase with said first signal; 

a first digital signal generator electrically connected to said first digital-to-analog converter means for 
supplying a first digital word to said first digital-to-analog converter; 
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a second digital signal generator el ctricaily connected to said second digital-to-analog converter means for 
supplying a second digital word to said second digital-to-analog converter; and 

an adder, the adder being electrically connected to said first digital-to-analog converter and to said second 
digital-to-analog converter. 
5 25. The apparatus of claim 24 wherein, 

said first digital signal generator generates a cosine function waveform; and 
said second digital signal generator generates a sine function waveform. 

26. A method for electronically aligning a data head over a data track which comprises: 

a. determining an offset value for a data head which will allow the data head to be aligned over a data 

ro track; 

b. generating a first signal which incorporates said offset value; 

c. generating a second signal, the second signal being a function of the position of a servo head with 
respect to one or more servo tracks; and 

d. causing said data head to become aligned over said data track in response to a mixing of said first 
75 signal with said second signal. 

27. A method for causing a data head to sweep across a plurality of data tracks without leaving a 
position loop which comprises: 

a. determining a distance a data head must move to change between a plurality of data tracks; 
20 b. generating a first signal which incorporates said distance; 

c. generating a second signal, the second signal being a function of the position of a servo head with 
respect to one or more servo tracks; and 

d. causing said data head to sweep across said data tracks in response to a mixing of said first signal 

with said second signal. 
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@ An optical servo head and method for reading position 
information on a medium, such as a magnetic disk, having a 
plurality of optical servo tracks In the form of relatively 
nonreflective regions on a reflective surface of the medium. 
With a magnetic disk, the nonreflective regions comprise 
concentric grooves etched in the disk surface and the reflective 
regions comprise the land areas between the grooves. The 
optical servo head is mounted on a carriage/head assembly of a 
disk drive and comprises an infrared light emitting diode, a 
collection lens, a routing mirror and a multicell photodetector. 
The method of reading position information from the magnetic 
disk comprises the steps of illuminating the disk with the 
infrared diode, focusing the image of the optical tracks on the 
cells of the photodetector such that a linear signal will be 
generated as the optical tracks pass the photodetector cells, 
and generating a continuous output signal from the photode- 
tector cell output which is used to control the positioning of the 
carriage/head assembly. The output signal can be directed 
through a synchronous detection circuit to Improve the S/N 
contrast between the reflective and nonreflective areas. 
Additionally, the output signal can be routed to an alignment 
circuit comprising a pair of digital-to-analog converters, a pair of 
I signal generators, an adder and an electronic fitter and 



which electronically compensates for imprecision In the servo 
head - data head separation distance. Track sweeping without 
leaving the position loop Is also accomplished through use of 
the alignment circuit 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical servo 
control apparatus and method for use with media hav- 
ing information carrying regions and servo control re- 
gions of different reflectivity and more particularly to 
such an apparatus and method which utilizes an un- 
focused light source, a photodetector having at least 
two specially shaped photodetection cells and media 
having servo control regions comprised of equally 
spaced grooves or other contrasting areas on the sur- 
face of the medium. An electronic circuit processes 
the output signal from the photodetector so as to per- 
mit electronic positioning of a data head over the in- 
formation carrying region, to permit positioning of the 
data head when the information carrying region com- 
prises more than one data track per servo track and 
to permit the data head to change tracks without leav- 
ing the position loop. 

Description of the Prior Art 

The track density of magnetic storage disks of 
conventional magnetic floppy disk drives is approxi- 
mately 19 to 53 tracks per cm (forty-eight to one hun- 
dred thirty-five tracks per inch). In contrast, optical 
disk drives are capable of achieving track densities in 
excess of 5.900 tracks per cm (15,000 tracks per 
inch). These higher track densities are achieved 
through the use of dosed loop optical servos that al- 
low the read/write head to follow data track eccentri- 
cities caused by defects in the medium and by distur- 
bances from outside forces. 

Various techniques have been reported for using 
optical means for acquiring servo information con- 
tained on a magnetic recording medium. For example, 
K. Ann, et al, in U.S. Patent 4, 633,451 for "Optical 
Servo For Magnetic Disks", disclose the use of a laser 
diode to read servo information in the form of a plur- 
ality of spots contained in an optical layer positioned 
above a magnetic recording layer. 

T. Distefano, et al, in U.S. Patent 4,570,191 for 
"Optical Sensor for Servo Position Control", disclose 
a servo sensor comprising a light source and a light 
detector, axially aligned and contained on a single 
semiconductor chip. 

M. Johnson, in U.S. Patent 4,558,383 for "Infor- 
mation Storage Disk Transducer Position Control 
System Using a Prerecorded Servo Pattern Requir- 
ing n Alignment with the Storag Disk", discloses a 
servo apparatus having a sensor f rd tecting a pat- 
tern of spots n a surface f an information storage 
m dium. Th spots comprise a dense array of sub- 
stantially translation invariant marks and separat in- 



formati n recording tracks are d tecting by measur- 
ing the rate at which the spots are detected by the 
sensor. 

J. C eke, et al, in U.S. Patent 4,587,579 for "Sys- 

5 tern for Position Detection on a Rotating Disk", dis- 
close a servo control system comprising a detector 
for reading a plurality of spiral radial-position-encod- 
ing patterns on a medium. 

A. S. Hoagland in "Optical Servo of Magnetic Re- 

10 cording", IBM Technical Disclosure Bulletin, 
vol.20(10), page 4108 (March 1978), suggests a sys- 
tem for achieving optical servo control where a flex- 
ible disk medium includes a plurality of optical servo 
tracks positoned underneath a magnetic layer. 

15 R. A. Scranton describes an optical servo system 
in "Monolithic Optical track Scanner for Magnetic Re- 
cording System" in IBM Technical Disclosure Bulletin, 
vol.25, no. 12, May 1983, pages 6432-6433. The opt- 
ical system is described as being able to obtain slider 

20 . position relative to a disk. A light source and sensor 
are carried on a monolithic GaAs structure. 

A system of the kind referred-to in the preamble 
of claim 1 is described in FR-A-2 347 744 showing a 
light source and sensor forjudging position optically 

25 on a recording surface that has photolithographically 
created features (broken lines). Differentiation of the 
various track information is determined by frequency 
discrimination. This document also refers to the meth- 
od defined in the preamble of claim 11. 

30 N. Koshino and S. Ogawa in "Optical Method of 
the Head Positioning in Magnetic Disk Systems", pre- 
print from IEEE Transactions on Magnetics (1980), 
disclose an optical head for achieving servo control 
which is mounted on the head arm and which includes 

35 an LED light source and three optical fibers for deliv- 
ering light to a medium. The medium comprises a plur- 
ality of circular optical tracks, dyed black, and located 
underneath a magnetic film. 

Related development has occurred in the com- 

40 pact disk (CD) industry where laser detection sys- 
tems are used to read the very closely spaced laser 
etched tracks. In a three-beam tracking technique, a 
six-element photodetector cell is utilized. This photo- 
detector has six light sensitive areas, or cells, ar- 

45 ranged so that there are four centrally located square 
or triangular cells flanked by two outer rectangular 
shaped cells. Typically, the center cells are used for 
the focus servo function while the two outside cells 
are used for the tracking servo function. In a far field 

50 tracking technique, a photodetector having only four 
cells is utilized. Both of these techniques depend on 
the well behaved characteristics of a focused beam of 
coherent light generated by a laser light source for 
th ir prop r operation. Additionally, t th inv rt- 

55 tors' kn wl dg , all reported ptical tracking technn 
qu s utiliz media having no more than on data 
track per servo track. Furthermore, all r ported ser- 
voing techniques us d in st rag d vices ar unabl 
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t move continu uslyb twee n data and servo tracks 
while retaining the ability to stop at any p int be- 
twwen the data and servo tracks without leaving the 
positi n loop. 

SUMMARY OF THE PRESENT INVENTION 

It is therefore an object of the present invention 
to provide an optical head that utilizes an incoherent 
light source. 

It is another object of the present invention to pro- 
vide an optical head that can provide servo informa- 
tion when one or more data tracks are located be- 
tween two servo tracks. 

It is another object of the present invention to pro- 
vide an optical servo signal from a magnetic data me- 
dium where the servo information is decoupled from 
the magnetic data. 

It is another object of the present invention to pro- 
vide an optical head capable of reading servo infor- 
mation from media having track densities of greater 
than approximately 394 tracks per cm (1000 tracks 
per inch). 

It is another object of the present invention to pro- 
vide an optical head that gives a position error signal 
containing directional (quadrature) information. 

It is another object of the present invention to pro- 
vide an optical head that can generate a continuous 
position error signal when the information carrying re- 
gions and the servo control regions are of equal or 
nonequal areas. 

It is another object of the present invention to pro- 
vide an electrical circuit that can utilize the position 
error signal to align the magnetic head over the infor- 
mation carrying region. 

It is another object of the present invention to pro- 
vide an electrical circuit that can utilize the position 
error signal for track crossing without having to leave 
the position loop. 

Briefly, a preferred embodiment of the present in- 
vention includes an infrared light emitting diode 
(LED), a collection lens, a routing mirror, and a multi- 
cell positive intrinsic negative (PIN) photodetector all 
mounted on a magnetic head/slider assembly. Pulsed 
light emitted by the LED illuminates a plurality of con- 
centric, alternating, rings of a first degree of reflec- 
tiveness and rings of a second degree of reflective- 
ness on the surface of a magnetic medium. The sec- 
ond degree rings may be grooves etched into the sur- 
face of the medium and the first degree reflective 
rings may be the "land" areas between two rings of 
the second degree. Light is reflected off the land 
areas and focused on the photodetector by the collec- 
ti nl nsandth routing mirror. The collection lens is 
d signed t creat amagnifi d image of the groov s 
attheph todetector surface. 

Th PIN photodetector comprises an array of four 
individual, square-snap d, photosensitive c lis ar- 



ranged so that a larg r square is formed. The larg 
square is riented so that a diamond c nf iguration is 
obtained. The light image of the rings projected on the 
ph tod tect r is focused s thatadiag na! of one of 

5 the individual cells fits betwwen two groove images. 
In this configuration, the PIN photodetector gen- 
erates a pair of signals, called the N and Q signals, 
that can be used for servo control. As one of the 
grooves passes by the collection lens, the response 

10 signal from an individual cell of the array begins to de- 
crease and reaches a minimum when the groove im- 
age is centered on the individual cell. As the groove 
image continues accross the cell, the signal begins to 
rise until a maximum value is reached. The signal is 

15 linear on both sides of the minimum and maximum 
values. The signals from two adjacent cells can be 
electronically subtracted to yield a signal defined as 
the U signal. The signal from the other pair of adjacent 
cells can also be electronically subtracted to yield a 

20 signal defined as the V signal. The N and Q signals 
are defined to be the sum and the difference, respec- 
tively, of the U and V signals. The servo can be locked 
on either side of N or Q. Furthermore, the N and Q sig- 
nals are 90° out of phase, thus producing a quadra- 

25 ture situation. Because the N and Q signals are de- 
rived from the configuration of the land and groove 
areas and not from data recorded on the land or 
groove areas, the servo signal is decoupled from the 
magnetic data. 

30 The output from the PIN photodetector can be di- 
rected through a synchronous detection circuit before 
the U and V signals are formed to improve the signal- 
to-noise ratio. Additionally, the N and Q signals can 
be used to electronically align the magnetic head over 

35 single or multiple data tracks and to change data 
tracks without leaving the position loop. These head 
alignment and track changing functions are accom- 
plished by feeding the N and Q signals into a circuit 
comprised of a pair of digital signals generators, a pair 

40 of digital-analog converters, an adder and a low pass 
filter. The circuit calculates an offset value which will 
move the optical head off the center of the optical 
track, but which will more the magnetic head to the 
center of a data track. By continuously repeating this 

45 alignment process, the multiple track reading and the 
track changing functions are accomplished. 

An advantage of the present invention is that the 
optical head utilizes an infrared light emitting diode 
as the light source. 

so Another advantage of the present invention is 
that a symmetrical continuous position error signal is 
generated. 

Another advantage of the present invention is 
that th optical servo signal is d coupled from th 
55 magnetic data. 

Another advantage of the present invention is 
that a pulsed light source and synchron us detection 
technique can be employed to enhance the signal-to- 
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nois ratio of the ph todetector utput signal. 

Still an ther advantage of the present inv nti n 
is that th photodetector output signal has directional 
charact ristics. 

Another advantage of the present invention is 5 
that an electronic circuit is described that uses the 
photodetector output signal to electronically align a 
head over an information carrying track. 

Yet another advantage of the present invention is 
that the electronic circuit generates a position error 10 
signal that can be used to drive a data head across a 
plurality of tracks without leaving a position loop. 

Another advantage of the present invention is 
that the optical head can provide servo information 
for media having more than one information carrying is 
track included between two servo tracks. 

Still another advantage of the present invention 
is that a method for reading servo information from a 
medium containing a plurality of alternating reflective 
and nonreflective concentric rings is provided. 20 

Another advantage of the present invention is 
that the optical head is both inexpensive and highly 
reliable. 

IN THE DRAWINGS 25 

Fig. 1 illustrates a diagrammatic perspective 
view of an optical head illuminating a flexible 
magnetic disk according to the present invention; 
Fig. 2a is a block diagram of a quad-arrangement 30 
of photodetector cells; 

Fig. 2b shows the quad-arrangement of Fig. 2a 
rotated by forty-five degrees to yield a diamond 
configuration; 

Fig. 3a shows a photodetector element in the 35 

shape of an isosceles triangle; 

Fig. 3b shows a photodetector element in the 

shape of an equilateral triangle; 

Fig. 3c shows a photodetector element in the 

shape of a rectangle; 40 

Fig. 3d shows the photodetector element in the 

shape of a semicircle; 

Fig. 3e shows a photodetector element having a 
"pie-shape"; 

Fig. 4a is a schematic view of the disk image as 45 
seen on the detector when the detector is rotated 
at a 45° angle; 

Fig. 4b shows the same view as in Fig. 4a, but 
with the detector rotating at an angle other than 
45°; 50 
Fig. 5 is a graphical representation of the signals 
generated by the cells A and B when the signals 
are 180° out of phase; 

Fig. 6 is a graphic r presentati n f th signals 
generat d by the cells A and B when the signals 55 
are approximately 135° out f phase; 
Fig. 7 is a graphical representation of the N and 
Q signals generated by electronically manipulat- 



ing the signals gen rated by th cells A, B, C and 
D; 

Fig. 8 shows a bl ck diagram of a synchronous 
det ction circuit for use in improving the signal- 
to-noise ratio in the signals generated by the cells 
A, B, C and D; 

Fig. 9 shows a cross-sectional view of a magnetic 
disk with optical and magnetic heads aligned 
over the land and groove areas on the surface of 
the disk; 

Fig. 10 shows a block diagram of an electronic cir- 
cuit for electronically manipulating the output sig- 
nal from the detection circuit shown in Fig. 8 in or- 
der to align a data head over a data track; 
Fig. 11 is a graphical representation of three pos- 
ition error signals generated by the circuit shown 
in Fig. 10 with each of the three position error sig- 
nals having a different phase shift; 
Fig. 12 shows a block diagram of the circuit used 
to generate a position error signal formed by com- 
bining the circuits of Figs. 8 and 10; 
Fig. 13 shows a medium having two data tracks 
positioned between two servo tracks; 
Fig. 14 illustrates an alternative embodiment of 
the optical head of Fig. 1 which includes a cylin- 
drical lens; 

Fig. 15 is a schematic view of the disk image as 
seen on the detector when the alternative em- 
bodiment of Fig. 14 is utilized; 
Fig. 16a is a top view of a medium having a plur- 
ality of noncontinuous servo tracks; 
Fig. 1 6b is a top view of a medium having a single 
continuous servo track; and 
Fig. 16c is a perspective view of a medium utiliz- 
ing a plurality of transparent spots or holes as the 
servo tracks. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Fig. 1 shows an optical head of the present inven- 
tion represented by the general reference numeral 
1 0. A tight source 1 2 is mounted on a support assem- 
bly 14 which may include a read and/or write head 15 
of a magnetic disk drive. A medium 16, which may ro- 
tate about an axis of rotation 17, is illuminated by a 
plurality of unfocused light rays 18 emitted by the 
source 12 and which pass through an aperture 20 cut 
in the assembly 14. 

In the preferred embodiment, the source 12 com- 
prises an infrared light emitting diode and the rays 18 
are pulsed. The illumination of the medium 16 could 
also be accomplished with a focused beam of coher- 
ent or incoherent light rbyanunfocus db am of co- 
herent light such as the unfocused beam of a laser. 

At least some f the rays 18 are ori nt d around 
an optical axis 22 which is centered on the surface of 
the medium 16 at a point "P". Th ptical axis 22 
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forms an angle 8t measured from a line N normal to 
the surface of the medium 16 at the point "P". In g n- 
eral, the angle is approximately 20°. A plurality of 
refl ctrv areas 26 and a plurality of nonreflectiv 
areas 28 are located on the surface of the medium 1 6. s 

In the preferred embodiment, the medium 16 is a 
cylindrical piece of a flexible magnetic media en- 
closed in a rectangular jacket 30, a combination that 
is typically referred to as a floppy disk. The noneffec- 
tive areas 28 comprise a plurality of equally spaced, 10 
continuous, concentric grooves inscribed on the sur- 
face of medium 1 6. A spacing "s n exists between the 
grooves of approximately seventeen microns 
(.000680 inch) and the grooves have a width of ap- 
proximately three microns (.000120 inch) and a depth 15 
of approximately one micron (.000040 inch). "Nonre- 
flective", as used in the phrase "nonreflective areas 
28", refers to relative reflectivity. The nonreflective 
areas 28 reflect less light than the reflective areas 26. 
In this embodiment, the nonreflective areas 28 carry 20 
the position information and in optical terminology are 
referred to as groove areas or optical tracks. 

The reflective areas 26 are the plurality of spaces 
(land areas) that exist between the nonreflective 
areas 28 and are capable of reflecting more light than 25 
the nonreflective areas 28. In the preferred embodi- 
ment, the reflective areas 26 reflect approximately 
4% to 1 0% of the incident rays 1 8 and the contrast be- 
tween the reflective and nonreflective areas is ap- 
proximately 4% to 10%. 30 

In other embodiments, the groove areas can be 
more reflective than the land areas. The only require- 
ment is that the contrast between the groove and land 
areas is sufficient to provide a signal (i.e. approxi- 
mately 4% - 10%). 35 

In Fig. 1, light from the rays 18 is reflected off the 
reflective areas 26, as a reflected beam 32, at an an- 
gle 9 2 relative to line N. The angle 0 2 is equal to the 
angle 9 t . The beam 32 passes back through the aper- 
ture 20 and onto a collection lens 34 located in close 40 
physical proximity to the light source 12. An included 
angle 0 is defined as the angle between the axis of 
the light source 12 and the axis of the collection lens 
34. In the preferred embodiment, the included angle 
0 is equal to 29 t and should be in a plane containing 45 
the line N in order to maximize the contrast between 
the reflective areas 26 and the nonreflective areas 
28. In alternative embodiments, having different 
groove shapes and/or different optical configura- 
tions, the included angle 0 could lie in a different so 
plane and/or bears no relationship to and 9 2 . 

The collection lens 34 may be a plastic injection 
molded part with a lens surface 36 which has an as- 
pheric prof if and a lens surface 38 which Is sph ri- 
cal.Th light coll cti n cone of lens 34 has an Fnum- 55 
berofF/1.75. 

A beam 44 emerges from the collection lens 34 
and is direct d to a routing mirror 46 which dir ctsth 



beam44toa photod tector 50. The photodetect r50 
has two or more photodiode c lis 52, having identical 
shapes, for converting light energy to electrical cur- 
rent The amount of current produced is proportional 
to the light power impinging on each of the cells 52. 

Photodetectors 50 which have been used have a 
responsivity of approximately 0.6 mA/mW. In the pre- 
ferred embodiment, each of the cells 52 are positive 
intrinsic negative (PIN) photodiodes. 

A plurality of synchronous detection circuts 53, 
one circuit 53 for each cell 52, are electrically con- 
nected to the photodetector 50 for electronically proc- 
essing the output signal from each cell 52. Each of the 
circuits 53 are electrically connected to a pulse gen- 
erator 54 by a lead 55 forming a synchronous detector 
that provides output position signals for use by a ser- 
vo control system (not shown). The pulse generator 
54 is electrically connected to the source 1 2 by a lead 
56. 

In the preferred embodiment, the photodetector 
50 has four square cells 52. Fig. 2a shows that the 
four cells 52 are arranged to form a quad- 
arrangement 58 which is a square region formed by 
the celts 52. If the quad-arrangement 58 is rotated at 
an angle 83 of forty-five degrees relative to the hori- 
zontal, a "diamond" configuration, shown in Fig. 2b, 
is achieved for each of the cells 52. A space 60 of 
width V exists between any adjacent cells 52 in the 
quad-arrangement 58 and each cell 52 has a vertical 
dimension m 6f and a horizontal dimension "h". The 
cells 52 are shaped such that the signal generated by 
an individual cell 52 varies continuously as a mask of 
uniform width moves across the surface of the cell 52. 
The mask could be either a dark strip against a bright 
background or a bright strip against a dark back- 
ground. For example, if an individual cell 52 in Fig. 2b 
is completely illuminated with light, the current gener- 
ated by the cell 52 is not constant as a mask V 
moves across the face of the cell 52 in the indicated 
direction. The width of the mask "m" is less than d 1 
and the length of the mask m is greater than h. 

Other shapes, such as isosceles or equi lateral tri- 
angles, rectangles, half-circles or "pie-shapes" 
shown in Figs. 3a, 3b, 3c, 3d and 3e, respectively, 
would also be suitable for the cells 52. In general, any 
cell shape for which an incremental change (Ax) in the 
radial position of the mask "m" on the cell surface 
causes an increase or decrease in the output current 
(Al) such that Al/Ax = ± f(x), where f(x) is a nonzero 
function, would be suitable for use in the detector 50. 

A component suitable for use as the photodetec- 
tor quad-arrangement 58 may be derived from a six- 
element photodetector found in many commercially 
availabl compact disk (CD) players. Th two uter 
photod tector lem nts are disconnected, th reby 
I aving the other four I m nts in a the quad- ar- 
rangement 58. 

Fig. 4ashowsamagnifi d image of the refl ctive 
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areas 26 and intermediat n nreflective areas 28 as 
they appear to the quad-arrangem nt 58 f cells 52 
of detector 50 when 9 3 equal 45°. For convenience the 
four cells 52 have been lab led A, B, C and D. The 
magnified light rays from the reflective areas 26 ere- 5 
ate a width d 2 and the magnified image of the nonre- 
flective areas 28 have a width d 3 . The width d 2 is 
equal to the spacing V, shown in Fig. 1, times the 
magnification factor of the lens 34 (discussed later). 
In the preferred embodiment the width d 2 is not equal 10 
to d 3 and the magnification factor of the collection 
lens 34 is chosen such that the diagonal "d," of indi- 
vidual cells 52 fits exactly between the image of two 
adjacent nonreflective areas 28 (i.e., such that = 
dj. In alternative embodiments, d 2 and d 3 could be is 
equal and/or d^ and d 2 might not be equal. 

In Fig. 4b, the quad-arrangement 58 has been ro- 
tated with respect to the position in Fig. 4a (i.e., G 3 is 
not equal to 45°). In this orientation, d^ is angled so 
that it no longer extends exactly between two adja- 20 
cent nonreflective areas 28. 

Fig. 5 shows a graphic representation of a pair of 
signals 64 and 66 generated by the cells A and B. The 
horizontal axis represents radial displacement across 
the nonreflective areas 28 and the vertical axis rep- is 
resents relative signal amplitude. Thus, the signals 
64 and 66 represent the signal output of celts A and 
B, respectively, versus the relative position of nonre- 
flective areas 28. When the diagonal d, of cell A is ex- 
actly between two nonreflective areas 28, as shown 30 
in Fig. 4a, the signal from cell A is at a maximum point 
68 in Fig. 5. When one nonreflective area 28 is cen- 
tered on cell A, the signal from cell A is at a minimum 
point 70. Thus, as one nonreflective area 28 passes 
the cell A, the signal 64 drops linearly from the max- 35 
imum point 68 to the minimum point 70 and then in- 
creases linearly back to the maximum point 68. As 
soon as one nonreflective area 28 clears cell A, an- 
other nonreflective are 28 begins to cross. This is im- 
portant because it prevents any regions with zero ao 
slope from occurring in the signals shown in Fig. 5. 
The ability of the cells 52 to generate continuous out- 
put signals allows the optical head 1 0 to be used when 
the reflective areas 26 and nonreflective areas 28 
have equal widths (i.e. d 2 = d 3 ) or nonequal widths (i.e. as 
d 2 * d 3 ). The regions around the maximum points 68 
and the minimum points 70 are curved due to the 
width of the groove, d 3 , as its image crosses the tips 
of the diamond shaped cells 52. 

The signal from cell B, shown as signal 66, dis- so 
plays the same pattern as the signal from cell A. In 
Fig. 5, the signals 64 and 66 are shown as being one 
hundred and eighty degrees out of phase. In other 
words, wh n the signal from cell A is at a maximum 
point 68, the signal from cell B is at a minimum point ss 
and vice versa. H w ver f in practice, th phas rela- 
tionship of the signals 64 and 66 dep nds largely on 
the cortf igurati nofthequad-arrang ment58, on the 



space 60 and ntherotati nangl 0 3 . 

In th method for obtaining signals that are 90° 
out of phase, to be described below, it is desirable that 
th signals 64 and 66 be out of phase by som degree 
not equal to 0° or 180°. In the preferred embodiment, 
by rotating the quad-arrangement 58 of cells 52 to the 
orientation shown in Fig. 4b, where 8 3 is approximate- 
ly 57°, a satisfactory phase difference of 1 35° can be 
obtained for the signals 64 and 66. The optimal value 
of 0 3 and of the phase difference will vary for different 
geometries of the detector 50 or for different widths 
"w" for the space 60. 

Fig. 6 shows the signals 64 and 66 having a suit- 
able phase difference of approximately 135°. The 
output signals from cells C and D produce a pair of 
signals analogous to the signals 64 and 66 shown in 
Fig. 6. 

Fig. 7 shows a pair of signals 72 and 74 generated 
by electrically manipulating the output signals from 
the cells A, B, C and D. The signal 72 is referred to as 
the normal or N signal and the signal 74 is referred to 
as the quadrature or Q signal. Each of the signals 72 
and 74 have a plurality of maximum points 76 and a 
plurality of minimum points 78. The signal 72 is ninety 
degrees out of phase with the signal 74 meaning that 
the maximum points 76 and the minimum points 78 
on the signal 72 overlap the midpoints between the 
maximum and minimum points 76 and 78 on the sig- 
nal 74. 

Fig. 8 is a block diagram showing the analog elec- 
tronic components of the optical head 10 in more de- 
tail (optical components are not shown). Each syn- 
chronous detection circuit 53 comprises an amplifier 
94 electrically connected to the detector 50; a band- 
pass filter 96 electrically connected to the amplifier 
94; a multiplier 98 electrically connected to the band- 
pass filter 96; and a lowpass filter 100 electrically 
connected to the multiplier 98. An output lead 102, 
electrically connected to the lowpass filter 100, pro- 
vides a means for delivering the signals from the cells 
A, B, C or D to other electronic circuitry for achieving 
the servo control function of the head 10. The pulse 
generator 54 is electrically connected to the multiplier 
98 by lead 55. 

The circuitry shown in Fig. 8 improves the sensi- 
tivity of the optical head 10 by permitting synchron- 
ous detection techniques to be utilized. The signal 
generator 54 pulses the rays 1 8 at a known frequency 
ft (carrier). The rays 1 8 are modulated when they en- 
counter the surface of the medium 16. Thus, the re- 
flected beam 32, at the frequency f 1t is amplitude 
modulated by the intensity information from the re- 
flective areas 26 and nonreflective areas 28. The am- 
plifier 94 boosts the output from the detector 50. Th 
bandpass filter 96 removes xtraneous noise from 
th amplified signal and th multiplier 98 rectifies the 
amplitude modulated carrier. The lowpass filter 100 
removes all frequency compon nts above the de- 
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sired modulat r bandwidth. The output from the tow- 
pass filter 100 is th signal having the form of signal 
64 or signal 66 shown in Fig. 6. 

In order tog nerat th signals 72 and 74, shown 
in Fig. 7, the outputs from the circuits 53 are electron- 
ically manipulated by a plurality of transducers 
(shown later in Fig. 12). This electronic manipulation 
involves the steps of: first, subtracting the output sig- 
nal of cell B from the output signal of cell A to yield a 
signal U; second, subtracting the output signal from 
cell D from the output signal of cell C to yield a signal 
V; third, forming a pair of signals N and Q where N = 
U + V and Q = U - V. The signals N and Q are the sig- 
nals 72 and 74, respectively. The signals N and Q are 
in quadrature because they are ninety degrees out of 
phase (i.e. N = Q ± 90°). A prerequisite to the gener- 
ation of the signals N and Q is that the signals U and 
V approximate sine waveforms and that they not be 
in phase or not be 180° out of phase. 

The N and Q signals (signals 72 and 74), possess 
several characteristics that are useful to a servo elec- 
tronics system for use with a high track density mag- 
netic disk. First, the signals 72 and 74 are linear as the 
optical servo tracks (nonref lective areas 28) pass the 
optical head 10. This characteristic is ensured by f be- 
ing the magnification of the collection lens 34 such 
that the diagonal d 1 in Fig. 4a fits exactly between the 
image of two nonref lective areas 28. The proper mag- 
nification factor for lens 34 can be calculated from the 
geometry of the cells 52 shown in Fig. 4a. Where s 
equals the width of the reflective area 26 from Fig. 1 , 
the magnification factor (mf) is given by 
mf = di/s. (1) 

In the preferred embodiment, d A = .00376 inch, s 
= .00068 inch, yielding an mf of 5.53. 

Second, since the two signals 72 and 74 are nine- 
ty degrees out of phase, they can be used to provide 
directional information (quadrature) to each other. 

Fig. 9 shows a cross-sectional view of the me- 
dium 16. The optical head 10 and a data head 110, 
which could be magnetic read/write head 15, are 
physically attached to each other by a physical means 
112, which fixes a mechanical separation distance Z 
between the heads 10 and 110. The head 110 is 
shown centered over a center point f located approx- 
imately in the middle of the reflective area 26. The 
optical head 10 is shown centered over a point g 
which is offset from the center of the nonref lective 
area 28 by an offset distance y. 

Fig. 10 shows a circuit 119 for electronically ma- 
nipulating the signals 72 and 74. A pair of digital signal 
generators 120 and 122, capable of generating sine 
and cosine waveforms, or equivalent, are electroni- 
cally connected to a pair of digital-analog converters 
124 and 126, respectively. Each of th convert rs124 
and 126 ar electrically connected to an perattonal 
amplifi r (adder) 128 which is lectrically connected 
to a lowpass filter 130. The digital signal gen rators 



120 and 122 could b , among other things, micropro- 
cessors, read only memories (ROMS), c unters or 
registers. A position error signal (PES) 132 is the out- 
put of the circuit 119. The PES 1 32 has th same wa- 
5 veform as either signal 72 or 74, but is shifted in 
phase from the N and Q signals by a controllable 
amount 

The signals 72 and 74 can be used to align the 
optical head 10 and the data head 110. In order to 

10 maximize the ability of the head 110 to read and writs 
data, it is desirable that the head 1 1 0 be centered over 
the reflective area 26 at the point f as shown in Fig. 
9. However, in the manufacturing process of the opt- 
ical head 10, it is desirable not to precisely define the 

15 mechanical separation distance Z between the opti- 
cal head 10 and the data head 110. If the distance Z 
is manufactured within a certain tolerance (e.g., ap- 
proximately 0,13 mm (0.005 inch)), the signals 72 and 
74 can be used to insure that the head 110 is always 

20 centered on the point f. This is accomplished by allow- 
ing the optical head 1 0 to be offset from the center of 
the nonref lective area 28 by the offset value y. The 
offset value y is electronically determined by using 
the signals 72 and 74 and the angle-sum or angle-dif- 

25 ference trigonometric relations. For example, equa- 
tions (2) and (3) below can be used to determine the 
value of y. In equation (2), Acos x is the signal 72, As in 
x is the signal 74 and Acos k and Asin k are digital 
words generated by the signal generators 120 and 

30 A22, respectively, shown in Fig. 10. The parameter k 
is an angle of the phase shift of the PES 132 required 
to offset the optical head 10 by the distance y. 
Asin x Acos k - Acos x Asin k = Asin(x - k) (2) 
The terms are multiplied in the multiplying analog-to- 

35 digital converters 124 and 126 and subtracted by op- 
erational amplifiers. The difference, Asin(x-k), is the 
PES 132 phase shifted by an amount k degrees. The 
offset value y is related to k by equation (3): 



40 



v - k (d 2 + d3) 
y 360° mf 



(3) 



where k is in units of degrees and y is in units of 
length. 

The PES 132, which is the output signal from the 
circuit 119, is used to maintain the optical head 10 at 

45 the position g (shown in Fig. 9) thus forcing the data 
head 110 to be centered over the reflective area 26. 
This control function can be accomplished by stan- 
dard servo techniques. For example, the PES 132, 
which is a voltage signal roughly proportional to pos- 

50 tion of the optical head 10, can be converted to a cur- 
rent The current is then passed through a coil in a 
magnetic field which generates a force on the support 
assembly 14. When the assembly 14 is disturbed 
from its proper position, an actuator gen rates a 

55 force which pushes th assembly 14 back to the prop- 
er position. 

Another function of the PES 132 is to permit the 
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optical head 10 to enter a seeking mode. During nor- 
mal op ration, a position function holds the data head 
on track (i.e., the PES 1 32 is maintained at a constant 
v Itage). In th s king mod , the head 10 crosses 
one or several of the optical tracks (nonreflective 
areas 28) but retains continuous position information 
without leaving the position loop. Remaining in the 
position loop during the seeking mode minimizes 
head settling time. 

Fig. 11 illustrates the way in which the PES 132 
is utilized in the seeking mode. By continuously mul- 
tiplying the N and Q signals with the digital words 
Acos k and Asin k through circuit 119 (shown in Fig. 
1 0), the phase of the PES 1 32 is shifted. This gener- 
ates a new PES 134 which causes the optical head 
1 0 to shift to a different region of the track or to a new 
track. By continuing this process another signal, PES 
1 36, is generated which causes another whole or par- 
tial track shift Thus, by continuous use of circuit 119, 
the optical head 10 can be continuously rolled across 
the optical tracks (nonreflective areas 28). 

This seeking process can be summarized as fol- 
lows: 

1. input signals 72 and 74 into circuit 119; 

2. input phasing signals with signal generators 
120 and 122 and DAC's 124 and 126; 

3. multiply sine/cosine with input signal; 

4. generate phase shifted PES by subtracting 
signals with operational amplifier 128 and pass- 
ing through low pass filter 130. 

5. roll optical head 10 through phase to obtain off- 
set of data head 110; and 

6. continuously repeat steps 2-4 to achieve seek- 
ing mode. 

Fig. 12 shows the manner in which the circuits 53 
and 119 are combined to produce the PES 132. The 
pair of output leads 1 02, which carry the A and B sig- 
nals, are electrically connected to a first adder 138. 
The adder 1 38 is used to electronically form the signal 
U which is the difference A - B. The pair of output 
leads 102, which carry the C and D signals, are elec- 
trically connected to a second adder 140. The adder 

140 is used to electronically form the signal V which 
is the difference C - D. 

The signal U is then transmitted to a third adder 

141 and to a fourth adder 142 by a pair of electrical 
leads 144 and 145, respectively. The signal V is trans- 
mitted to the adders 141 and 142 by a pair of electrical 
leads 147 and 148, respectively. The signal N, which 
is the sum U + V, is electronically formed by the adder 
141 and the signal Q, which is the difference U - V, is 
electronically formed by the adder 142. The N and Q 
signals are then electronically manipulated by the cir- 
cuit 119 as previously describ d. 

Fig. 13 shows another us f the PES 132. Two 
r more data tracks 149 can be locat d on th reflec- 
ts area 26 positioned between two nonreflective 
areas 28. The reflective area 26 has the total width V 



which is th separati n between the n nreflective 
areas 28. The PES 132 g nerated by the circuit 119 
can be used to move the optical head 10 (and hence 
th data head 110) in small increments so that th 

5 data head 110 can be centered on any of the data 
tracks 149. The small incremental movements are 
achieved by utilizing the technique described above 
for the seeking process, but by changing the digital 
words "Acos k" and "Asin k" to appropriate values to 

10 obtain the small incremental movements. 

Fig. 14 shows a portion of an alternative embodi- 
ment of the optical head 10 shown in Fig. 1. In the al- 
ternative embodiment, a cylindrical lens 150 has 
been inserted between the routing mirror 46 and the 

15 photodetector 50. The cylindrical lens 1 50 has curva- 
ture in only one axis thus creating an anamorphic 
magnification (i.e. different magnification in one axis 
from the other) which increases the field view of the 
detector 50. Except for the inclusion of the cylindrical 

20 lens 150, the alternative embodiment of Fig. 14 is 
identical to the preferred embodiment shown in Fig. 
1. 

Fig. 15 shows the effect of the cylindrical lens 150 
on the image of the reflective areas 26 and nonref lec- 

25 tive areas 28 projected on the cells 52. The dimen- 
sions perpendicular to the land and groove areas (i.e. 
d 2 and d 3 ) are unaffected. However, the direction par- 
allel to the land and groove area is compressed. This 
has the effect of making the reflective areas 26 ap- 

30 pear brighter than they would in the absence of the 
lens 1 50, thus improving the contrast between the re- 
flective areas 26 and the nonreflective areas 28. 

The exact embodiment of the medium 16, shown 
in Fig. 1 , is not critical to the functioning of the optical 

35 head 10. The medium need only have a plurality of al- 
ternating reflective areas 26 and equally spaced non- 
reflective areas 28 (i.e. the spacing V should be con- 
stant throughout the medium 16). For example, Fig. 
16a shows the medium 16 where the nonreflective 

40 areas 28 comprise a plurality of noncontinuous dark- 
ened areas arranged in concentric rings. The dark- 
ened areas could be grooves etched in the surface of 
the medium 16 or they could be produced by some 
other method such as a photolithographic process. 

45 The surface area of medium 16 not containing the 
darkened areas would serve as the reflective areas 
26. The medium 16 could be a hard disk, comprised 
of a metal, or a floppy disk as previously described or 
a magnetic tape or any other medium capable of sup- 

50 porting the plurality of alternating reflective areas 26 
and nonreflective areas 28. 

Fig. 16b shows an embodiment of the medium 16 
in which the nonreflective area 28 comprises one con- 
tinuous track in th form of a spiral. 

55 Fig. 16c shows another mbodiment of the me- 

dium 16 wherein th reflective areas 26 compris a 
plurality of spots arranged in concentric circles n the 
medium 16. The spots could b hoi s extending p r- 
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pendicularly through th medium 1 6 or they could be 
transparent or semitransparent regions n the me- 
dium 16. The nonreflective areas 28 comprise the 
surface regions of th m dium 16 surrounding th 
spots. In this embodiment, the reflective areas 26 ac- 
tually pass light and the nonreflective areas 28 block 
light or pass less light. As shown in Fig. 1 6c, this em- 
bodiment would require that the light source 12 be 
positioned on the opposite side of the medium from 
the optica) head 10. 

In the preferred embodiment of Fig. 1, the image 
of the reflective areas 26 and the nonreflective areas 
28 is generated by illuminating the medium 16 with 
the light rays 18 generated by using an infrared light 
emitting diode (IR LED) as the source 12. The use of 
an IR LED provides several advantages in terms of 
performance and cost First, the output power of an 
IR LED is higher than that of a visible LED and can be 
further increased by operating the LED in a pulsed 
mode. Secondly, the IR LED signal can be still further 
enhanced by using a photodetector having its highest 
sensitivity in the infrared region. Thirdly, the IR LED 
is a low cost component which is more reliable than 
a laser light source for long term operation. 

In the preferred embodiment, the medium 16 acts 
as a mirror and reflects four to ten percent of the rays 
18 from the reflective areas 26. The reflected beam 
32 carries with it an image of medium 16 showing the 
reflective and nonreflective areas 26 and 28. Light in- 
cident on a nonreflective area 28 tends to scatter in- 
stead of being reflected in a specular manner, thus 
causing the nonreflective areas 28 to appear darker 
than the reflective areas 26 as less light is collected 
by the lens 34 and transmitted to the detector 50 in 
these regions. When the dimensions of the nonreflec- 
tive areas 28 are of the same order of magnitude as 
the wavelength of incident light (0.9 microns for in- 
frared light), there is some diffraction of the rays 18 
along with the scattering. The final contrast ratio of 
nonreflective area 28 is reflective area 26 depends on 
the sensitivity of optical head 10 to diffraction, collec- 
tion F/#, magnification, and the physical configura- 
tion of the photodetector 50. 
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areas; and 

a photodetector (50) functioning to generate an 
electrical signal in response to illumination of 
said ph todetector(50) by said image, said elec- 
5 trical signal varying continuously as said image 

moves relative to the photodetector, 
characterized in that 

said reflective areas (26) belong to a circular disk 
medium (16) with at least one flat surface includ- 
w ing a magnetic recording material coating having 
said reflectivity to light, 

said non-reflective or less reflective areas (28) 
form a plurality of equally-spaced, concentric, in- 
delible, circular line grooves (28) dividing said 

15 magnetic recording material coating into a plural- 
ity of ring-shaped concentric magnetic recording 
areas, wherein each of said circular line grooves 
(28) have said lesser reflectivity to light that is 
substantially monotone such that an optical con- 

20 trast exists between each of said ring-shaped 
concentric magnetic recording areas (26) and 
areas comprising said circular line grooves (28) 
for optically designating integer radial positions 
on the disk medium; and 

25 . said photodetector (50) includes at least a first 
pair (A, B) of photodetector cells (52) positioned 
at a corresponding pair of first and second adja- 
cent positions that are radially displaced relative 
to the disk medium (16) for receiving a reflected 

30 light (32) from a combination of said plurality of 
ring-shaped concentric magnetic recording areas 
(26) and said circular line grooves (28) originating 
from the source of light (12), wherein said first 
and second adjacent positions (A, B) are such 

35 that said first position (A) will receive reflected 
light (32) from one of said plurality of ring-shaped 
concentric magnetic recording areas (26) and 
said second position (B) will receive reflected 
light (32) from one of said circular line grooves 

40 (28) adjacent to said one magnetic recording 
area, and vice versa, depending on the relative 
radial position of the disk medium (16) to the opt- 
ical head (10). 



Claims 

1. A system for extracting control information from 
a medium (16) containing a plurality of reflective 
areas (26) having a first width and a plurality of 
non-reflective or less reflective areas (28) having 
a second width on a surface of said medium, 
comprising: 

an optical h ad (10) including a light sourc (12) 
f r illuminating said ref I ectiv areas (26) and said 
non-refl ctive areas (28); 
a collect! n lens (34) for focusing an image of a 
said reflective areas and said non-refl ctive 



45 2. The system of claim 1 , wherein 

said pair (A, B) of photodetector cells (52) have a 
combination of relative positions, optics and re- 
sponse pattern characteristics that cause each of 
their output signal levels (64 and 66) to move in 

so opposite directions of magnitude as the disk me- 
dium (16) is moved radially, relative to the optical 
head (10), wherein a relative inward or an out- 
ward radial position may be determined by com- 
paring which of th tw utput signal levels (64 r 

55 66) I ads or lags th other output signal I v I. 

3. The system of claim 1,wh r in 

said pair (A, B) of photodetector cells (52) are 
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such that a maximum response from each will b 
respectively produced at a first and a second ra- 
dial position of the ptic head (10) relative to th 
m dium (16), wherein said first and s cond pos- 
itions are radially offset from one another such 5 
that said output signals (64 and 66) have a phase 
relationship of 135° for signal output levels ver- 
sus radial position. 

4. The system of claim 2 or 3, wherein 10 
said pair (A, B) of photodetector cells (52) are 
such that said optics and response pattern char- 
acteristics limit their individual photodetector re- 
sponses to a radial width that does not exceed a 
predetermined distance (d) between adjacent 15 
grooves (28), wherein at most one groove (28) 

can be sensed by any one photodetector cell (52) 
at any one time. 

5. The system of claims 2, 3 or 4 f wherein 20 
said magnetic recording areas (26) have a radial 
width which is substantially greater than a radial 
width associated with said circular line grooves 
(28). 

25 

6. The system of any of claims 1 through 5, wherein 
the optical head (10) further comprises: 

a second pair (C, D) of photodetector cells (52) 
positioned at a corresponding pair of third and 
fourth adjacent positions proximate to said first so 
and second positions of the first pair (A, B) of pho- 
todetector cells (52) and such that the second 
pair (C, D) of photodetector cells (52) are radially 
displaced relative to the disk medium (16) for re- 
ceiving a reflected light (32) from said combina- 35 
tion of said plurality of ring-shaped concentric 
magnetic recording areas (26) and said circular 
line grooves (28) originating from the source of 
light (12), wherein said third and fourth adjacent 
positions are such that said third position will re- 40 
ceive reflected light (32) from one of said plurality 
of ring-shaped concentric magnetic recording 
areas (26) and said fourth position will receive re- 
flected light (32) from one of said circular line 
grooves (28) adjacent to said one magnetic re- 45 
cording area, and vice versa, depending on the 
relative radial position of the disk medium (16) to 
the optical head (10). 



c mparing which of th two output signal levels 
(64 and 66) leads or lags the oth r output signal 
level. 

8. The system of claim 6 or 7, wherein 

the second pair (C, D) of photodetector cells (52) 
are such that a maximum response from each will 
be respectively produced at a third and a fourth 
radial position of the optic head (10) relative to 
the medium (16), wherein said third and fourth 
positions are radially offset from one another 
such that said output signals (64 and 66) have a 
phase relationship of 1 35° for signal output levels 
versus radial position. 

9. The system of any of claims 6 through 8, wherein 
the second pair (C, D) of photodetector cells (52) 
are such that said optics and response pattern 
characteristics limit their individual photodetector 
responses to a radial width that does not exceed 
a predetermined distance (d) between adjacent 
grooves (28), wherein at most one groove (28) 
can be sensed by any one cell (52) at any one 
time. 

10. The system of any of claims 6 through 9, further 
comprising: 

position error signal extraction means for deriv- 
ing a position error signal (PES) from the first and 
second pair (A, B, C, D) of photodetector cells and 
including: 

a first adder (138) for finding the difference (U) 
between signals derived from said first pair (A, B) 
of cells (52); 

a second adder (140) for finding the difference 
(V) between signals derived from said second 
pair (C and D) of cells (52); 
a third adder (141) for finding the composed sum 
(N) of said differences (U and V); 
a fourth adder (142) for finding a composed dif- 
ference (Q) between said differences (U and V); 
and 

computing means (119) for forming trigonometric 
functions (Ncos(k), Qcos(k)) of said composed 
sum (N) and composed difference (Q) and a 
phase shift angle (k) and adding said functions 
(Ncos(k) and Qcos(k)) to yield said position error 
signal (PES). 



7. The system of claim 6, wherein so 
the second pair (C, D) of photodetector cells (52) 
have a combination of relative positions, optics 
and response pattern characteristics that cause 

ach f th ir output signal levels (64 and 66) t 
m v in opposit directions of magnitude as th 55 
diskm dium is moved radially, relativ toth opt- 
ical head (10), wherein a r lative inward or an 

utward radial position may be determined by 



11. A method for optically servo positioning a mag- 
netic recording head (15) on a flat circular disk 
(16) having a magnetic recording surface (26) 
and a plurality of grooves (28) that are less reflec- 
tive to light than said magnetic recording surface 
(26), th method comprising the steps f: 
illuminating a porti n of said magn tic recording 
surface with light (22) from a light source (12); 
xtracting control inf rmati n from reflected light 
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by said magnetic rec rdingsurfac (26) and said 
grooves (28), 

characterized by the steps of: 
detecting a first ref I cti n(32)of said light (22) at 
a first position (A) with a first photodetector celt 
(52) that is proximate to both said light source 
(12) and said portion of said magnetic recording 
surface (26); 

detecting a second reflection (32) of said light 
(22) at a second position (B) with a second pho- 
todetector cell (52) that is proximate to both said 
light source (1 2) and said portion of said magnet- 
ic recording surface (26) and radially offset from 
said first position (A) by a distance (w) less than 
a radial distance (d) that exists between adjacent 
grooves (28) of said plurality of grooves, which 
are equally spaced and concentric; 
comparing a first electrical output (64) and a sec- 
ond electrical output (66) from respective first 
and second photodetector celts (52); and 
determining a radial position of said magnetic re- 
cording head (15) relative to an individual adja- 
cent pair of said plurality of grooves (28) by ana- 
lyzing data from the step of comparing to see 
which electrical output (64 or 66) is leading the 
other in an increase or a decrease of amplitude 
to determine inward or outward direction from a 
particular groove (28) and the relative magnitude 
of said first electrical output (64) and said second 
electrical output (66) to determine a relative radial 
offset from said particular groove (28). 

12. The method of claim 11, 
further comprising the steps of: 

further comparing a third electrical output (64) 
and a fourth electrical output (66) from a pair (C, 
D) of respective third and fourth photodetector 
cells (52) adjacent to said first and second pho- 
todetector cells (52) and 

further determining a radial position of said mag- 
netic recording head (15) relative to an individual 
adjacent pair of said plurality of grooves (28) by 
analyzing data from the steps of comparing and 
further comparing to see which electrical output 
(64 or 66) is leading the other in an increase or a 
decrase of amplitude to determine inward or out- 
ward direction from a particular groove (28) and 
the relative magnitudes of said third electrical 
output (64) and said fourth electrical output (66) 
to determine a relative radial offset from said par- 
ticular groove (28). 

13. The method of claim 12, wherein: 

the st p f further d t rmining includes g n rat- 
ing a pair f control signals (N and Q), wh re th 
first control signal (N) is the diff rence in output 
signal level between said first and second photo- 
detector cells (52) add d to the difference in out- 



put signal level betwe n said third and fourth 
photodetector ceils (52) (N = (A-B) + (C+D)), and 
where the second control signal (Q) is the differ- 
nce in utput signal level between said first and 
5 second photodetector celts (52) substracted from 
the difference in output signal level between said 
third and fourth photodetector cells (Q = (A-B) - 
(C-D)). 

10 14. The method of claim 13, wherein 

the step of further determining further includes 
generating a position error signal (PES) equal to 
the sum of the first control signal (N times a func- 
tion f(x)) and the second control signal (Q times 

15 a function g(x)), where f(x) and g(x) are approxi- 
mately sinusoidal functions and are substantially 
90° apart in phase, and where x is a radial posi- 
tion between two adjacent grooves (28). 

20 

Patentanspruche 

1. System zum Extrahieren von Steuerinformation 
aus einem Medium (16), welches eine Mehrzahl 

25 von ref lektierenden Bereichen (26) mit einer er- 
sten Breite und eine Mehrzahl von nicht ref lektie- 
renden Oder weniger reflektierenden Bereichen 
(28) mit einer zweiten Breite a uf einer Oberf lache 
des Mediums aufweist, 

30 mit folgenden Merkmalen: 

ein optischer Kopf (10) umfa&t eine Lichtquelle 
(12) zur Beleuchtung der reflektierenden Berei- 
che (26) und der nicht reflektierenden Bereiche 
(28) auf; 

35 ein Sammelobjektiv (34) zur Fokussierung eines 
Bildes eines Bereichs mit reflektierenden Berei- 
chen und nicht reflektierenden Bereichen; 
ein Fotodetektor (50) dient zur Erzeugung eines 
elektrischen Signals in Abhangigkeit von der Be- 

40 leuchtung des Fotodetektors (50) infolge des Bil- 
des, wobei das elektrische Signal sich kontinuier- 
lich andert, wenn sich das Bitd relatrv zu dem Fo- 
todetektor bewegt; 

gekennzeichnet durch folgende MaRnahmen: 
45 die reflektierenden Bereiche (26) gehoren zu ei- 
ner kreisformigen Scheibe als Medium (16) mit 
mindestens einer ebenen Oberflache, die eine 
Schicht als magnetisches Aufzeichnungsmateri- 
al mit dem Ref lexionsvermogen gegenuber Licht 
so aufweist, 

die nicht reflektierenden oder weniger reflektie- 
renden Bereiche (28) bilden eine Mehrzahl von in 
gleichem Abstand angeordneten, konzentri- 
sch n, unPschbar n, 
55 kreislinienformigen Rill n (28), welch di 

SchichtdesmagnetischenAufzeichnungsmateri- 
als in eine Mehrzahl von ringf6rmigen, konz ntri- 
sch n Magnetaufz ichnungsb reichen unter- 
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t ilt, wobei die jeweiligen kreislinienformigen Ril- 
ten (28) das geringere Reflexionsv rmSgen ge- 
genuber Licht aufweisen, welches im wesent li- 
chen monoton ist, so daft ein optischer Kontrast 
zwischen den jeweiligen ringformigen, konzentri- s 
schen, magnetischen Aufzeichnungsbereichen 
(26) und den Berelchen mit den kreislinienfSrmi- 
gen Rillen (28) existiert, urn ganzzahlige radiale 
Stellungen auf dem scheibenformigen Medium 
optisch zu bezeichnen; 10 
der Fotodetektor (50) umfaBt mindestens ein er- 
stes Paar (A, B) von Fotodetektorzellen (52), die 
an einem entsprechenden Paar von ersten und 
zweiten benachbarten Stellungen gelegen sind, 
welche in radialer Richtung relativ zu dem schei- is 
benfSrmigen Medium (16) verschoben sind, urn 
ref lektiertes Licht (32) aus einer Kombination der 
Mehrzahl der ringformigen, konzentrischen, ma- 
gnetischen Aufzeichnungsbereiche (26) und den 
kreislinienformigen Rillen (28) zu empfangen, 20 
wetches Licht von der Lichtquelle (12) ausgeht, 
wobei die ersten und zweiten benachbarten Stel- 
lungen (A, B) derart angeordnet sind, dafc von ei- 
nem der ringformigen, konzentrischen, magneti- 
schen Aufzeichnungsbereiche (26) auf die erste 25 
Stellung (A) trifft, und von einer der kreislinienfdr- 
migen Rillen (28), benachbart zu dem einen ma- 
gnetischen Auf zeichnungsbereich, auf die zweite 
Stellung (B) ref lektiertes Licht trifft und umge- 
kehrt, und zwar in AbhSngigkeit von der relativen 30 
radialen Stellung des schei benfdrmig en Medi- 
ums (16) zu dem optischen Kopf (10). 

2. System nach Anspruch 1, 

dadurch gekennzeichnet, 35 
dafi das Paar (A, B) der Fotodetektorzellen (52) 
eine Kombination von relativen Stellungen, Opti- 
ken und Ansprechmustercharakteristiken auf- 
weist, die die Ausgangssignalpegel (64 und 66) 
dazu bringen, sich in entgegengesetzten Rich- 40 
tungen der Amplitude zu bewegen, wenn das 
scheibenformige Medium (16) radial relativ zum 
optischen Kopf (10) verschoben wird, wobei eine 
radiale Stellung relativ einwarts Oder auswirts 
durch Vergfeich bestimmt werden kann, welcher 45 
der beiden Ausgangssignalpegel (64 oder 66) zu 
dem jeweiligen anderen Ausgangssignalpegel 
f uhrt oder nacheilt. 

3. System nach Anspruch 1, so 
dadurch gekennzeichnet, 

da& das Paar (A, B) der Fotodetektorzellen (52) 
derart ausgebildet ist, daft ein maximales An- 
sprechenj derZ II j weils an einer rst n und 
iner zweiten radialen Stellung des ptisch n 55 
K pfes (10) relativ zum M dium (16) produziert 
wird, wob i die ersten und zweiten Stellungen ra- 
dial so voneinander versetzt sind, daR di Aus- 



gangssignal (64 und 66) in Phas nverhaltnis 
von 135° aufw isen, wenn d r Signalausgangs- 
pegel auf der radialen Position als Abszisse auf- 
getragen wird. 

4. System nach Anspruch 2 oder 3, 
dadurch gekennzeichnet, 

daS das Paar (A, B) der Fotodetektorzellen (52) 
so ausgebildet ist, daft die Optik und die An- 
sprechmustercharakteristik das individuelle Fo- 
todetektoransprechen auf eine radiale Breite be- 
grenzen, die einen vorbestimmten Abstand (d) 
zwischen benachbarten Rillen (28) nicht uber- 
steigt, wobei mindestens eine Rille (28) durch ei- 
ne Fotodetektorzelle (52) zu einer bestimmten 
Zeit abgetastet werden kann. 

5. System nach Anspruch 2, 3 oder 4, 
dadurch gekennzeichnet, 

daS die magnetischen Aufzeichnungsbereiche 
(26) eine radiale Breite aufweisen, die wesentlich 
gro&er als die den kreislinienformigen Rillen (28) 
zugeordnete radiale Breite ist 

6. System nach einem der Anspruche 1 bis 5, 
dadurch gekennzeichnet, 

dad der optische Kopf (10) folgendes umfa&t: 
ein zweites Paar (C, D) von Fotodetektorzellen 
(52), die an einem entsprechenden Paar von drit- 
ten und vierten benachbarten Stellungen neben 
den ersten und zweiten Stellungen des ersten 
Paares (A, B) der Fotodetektorzellen (52) ange- 
ordnet sind, und zwar so, dad das zweite Paar (C, 
D) der Fotodetektorzellen (52) radial relativ zu 
dem scheibenformigen Medium (16) versetzt ist, 
urn reflektiertes Licht (32) von der Kombination 
der Mehrzahl der ringformig gestalteten, konzen- 
trischen, magnetischen Aufzeichnungsbereh 
chen (26) und den kreislinienfdrmigen Rillen (28) 
zu empfangen, welches Licht von der Lichtquelle 
(12) ausgeht, wobei die dritten und vierten be- 
nachbarten Stellungen derart angeordnet sind, 
da& von einer der Mehrzahl der ringfSrmigen, 
konzentrischen, magnetischen Aufzeichnungs- 
bereiche (26) reflektiertes Licht (32) auf die dritte 
Stellung fallt und von einer der kreislinienformi- 
gen Rillen (28) benachbart zu einem magneti- 
schen Aufzeichnungsbereich reflektiertes Licht 
(32) auf die vierte Stellung fallt und umgekehrt, 
und zwar in Abhangigkeit von der radialen Stel- 
lung des scheibenformigen Mediums (16) zum 
optischen Kopf (10). 

7. Syst m nach Anspruch 6, 
dadurch gekennzeichnet, 

da& das zweite Paar (C, D) der Fotod tektorzel- 
len (52) ein K mbinati n von relativen St Hun- 
gen. Optiken und Ansprechmustercharakteristi- 
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k naufweist,w Iche die jeweiligen Ausgangssi- 
gnalpegel (64 und 66) dazu bringen, sich in nt- 
gegenges tzten Richtungen der Amplitud zu 
beweg n, wenn das scheib nformigeM diumin 
radialer Richtung relativzum optischen Kopf (10) 
verschoben wird, wobei eine radiale Stellung re- 
lativ einwSrts Oder auswarts durch Vergleich be- 
stimmt werden kann, welcher der beiden Aus- 
gangssignalpegel (64, 66) zu dem jeweiligen an- 
deren Ausgangssignalpegel fuhrt bzw. nacheilt. 

8. System nach Anspruch 6 Oder 7, 
dadurch gekennzeichnet, 

da& das zweite Paar (C, D) der Fotodetektorzel- 
len (52) derart ausgebildet ist, daft das jeweilige 
maximale Ansprechen bei einer dritten und vier- 
ten radialen Stellung des optischen Kopfes (10) 
relativ zum Medium (16) zustande kommt, wobei 
die dritte und vierte Stellung gegeneinander so 
versetzt sind, dad die Ausgangssignale (64, 66) 
eine Phasenverschiebung von 135° fur Signal- 
ausgangspegel gegenuber radialer Stellung auf- 
weisen. 

9. System nach einem der Anspruche 6 bis 8, 
dadurch gekennzeichnet, 

daR das zweite Paar (C, D) der Fotodetektorzel- 
len (52) derart ausgebildet ist, daB die Optiken 
und die Ansprechmuster-Charakteristiken das 
Ansprechen der individuellen Fotodetektoren auf 
eine radiale Breite begrenzen, die einen vorbe- 
stimmten Abstand (d) zwischen benachbarten 
Rillen (28) nichtubersteigt, wobei hochstens eine 
Rille (28) von einer Zelle (52) zu einer bestimm- 
ten Zert abgetastet werden kann. 

10. System nach einem der Anspruche 6 bis 9, 
dadurch gekennzeichnet, 

da& eine Extraktionseinrichtung fur Positions- 
fehlersingale zur Ableitung eines Positionsfehler- 
signals (PES) vom ersten und zweiten Paar (A, B, 
C, D) der Fotodetektorzellen vorgesehen ist und 
folgendes umfa&t 

einen ersten Addierer (138) zur Bestimmung der 
Differenz (U) zwischen Signalen, die von dem er- 
sten Paar (A, B) der Zelle n (52) abgeleitet wird; 
einen zweiten Addierer (140) zur Bestimmung der 
Differenz (V) zwischen Signalen, die von dem 
zweiten Paar (C und D) derZeilen (52) abgeleitet 
wird; 

einen dritten Addierer (141) zur Fest stellung der 
zusammengesetzten Summe (N) der Differen- 
zen (U und V); 

ein n vi rt n Addi rer (142) zur Festst tlung ei- 
n rzusamm ngesetzten Diff renz(Q) zwischen 
d n Differenzen (U und V); und 
eine Recheneinrichtung (119) zur Bildung von tri- 
g nometrischen Funktionen (Ncos(k), Qcos(k)) 



derzusamm nges tzten Summe (N) und der zu- 
sammengesetzt n Differenz (Q) und eines Pha- 
senverschiebungswinkels (k) und zur Addierung 
der Funktionen (Ncos(k) und Qcos(k)) zur Erzie- 
5 lung des Positionsfehlersignals (PES). 

11. Verfahren zur optischen Servopositionierung ei- 
nes magnetischen Aufzeichnungskopfes (15) auf 
einer flachen, kreisformigen Scheibe (16) mit ei- 

10 ner magnetischen Aufzeichnungsoberftache 
(26) und einer Mehrzahl von Rillen (28), welche 
gegenuber Licht weniger reflektierend sind als 
die magnetische Aufzeichnungsoberf lache (26), 
mit folgenden Schritten: 

15 ein Teil der magnetischen Aufzetchnungsflache 
wird mit Licht (22) einer Lichtquelle (12) beleuch- 
tet; 

Steuerinformation wird von dem an der magneth 
schen Oberf lache (26) und den Rillen (28) ref lek- 

20 tierten Licht extrahiert; 

gekennzeichnet durch folgende Schritte: 
ein erster Reflexionsgrad (32) des Lichts (22) 
wird an einer ersten Stellung (A) mit einer ersten 
Fotodetektorzelle (52) festgestellt, die sowohl der 

25 Lichtquelle (12) als auch dem Teil der magneti- 
schen Aufzeichnungsflache (26) benachbart ist; 
ein zweiter Reflexionsgrad (32) des Lichts (22) 
wird an einer zweiten Stellung (B) mit einer zwei- 
ten Fotodetektorzelle (52) festgestellt, die sowohl 

30 der Lichtquelle (12) als auch dem Teil der magne- 
tischen Aufzetchnungsflache (26) benachbart ist 
und radial von der ersten Stellung (A) urn einen 
Abstand (w) versetzt ist, der kl einer als der radia- 
le Abstand (d) ist, der zwischen benachbarten 

35 Rillen (28) der Mehrzahl der Rillen existiert, wel- 
che in gleichem Abstand und konzentrisch zuein- 
ander angeordnet sind; 

ein erstes elektrisches Ausgangssignal (64) und 
ein zwertes elektrisches Ausgangssignal (66) von 

40 den jeweiligen ersten und zweiten Fotodetektor- 
zellen (52) werden miteinander verg lichen; 
die radiale Stellung des magnetischen Aufzeich- 
nungskopfes (15) relativ zu einem individuellen, 
benachbarten Paar der Mehrzahl der Rillen (28) 

45 wird dadurch bestimmt, daft Daten vom Ver- 
gletchsschritt darauf hin analysiert werden, wel- 
ches elektrische Ausgangsignal (64 oder 66) ge- 
genuber dem anderen hinsichtlich der Zunahme 
Oder Abnahme der Amplitude voreilt, urn die 

so Richtung ein warts oder auswarts von einer spe- 
ziellen Rille zu bestimmen, und auch die relative 
Grd&e des ersten elektrischen Ausgangssignals 
(64) und des zweiten elektrischen Ausgangssi- 
gnals (66) wird festgestellt, urn den relativ n ra- 

55 dialenVersatzvonderspeziell n Rille (28) zu be- 

stimmen. 

12. Verfahren nach Anspruch 11, 



13 



25 



EP 0 336 419 B1 



26 



gekennz ichnet durch f Igend weiter Schritte: 
in drittes elektrisches Ausgangssignal (64) und 
ein viertes elektrisches Ausgangssignal (66) des 
Paares (C, D) d r j weilig n dritt n und vi rt n 
Fotodetektorzellen (52), benachbart den ersten 
und zweiten Fotodetektorzellen (52), werden ver- 
glichen; 

die radiale Stellung des magnetischen Aufzeich- 
nungskopfes (15) relativ zu einem individuellen 
benachbarten Paar der Mehrzahl der Rillen (28) 
wird dadurch bestimmt, daR Daten von dem Ver- 
gleichsschrittanalysiertunddaraufhinvergtichen 
werden, ob das elektrische Ausgangssignal (64 
oder 66) gegenuberdem anderen hinsichtlich Zu- 
nahme oder Abnahme der Amplitude voreilt, um 
die Richtung einwSrts oder auswaYts von einer 
speziellen Rille (28) zu bestimmen, und die rela- 
tive Grd&e des dritten elektrischen Ausgangssi- 
gnals (64) und des vierten elektrischen Aus- 
gangssignals (66) wird zur Bestimmung eines re- 
latlven radiale n Versatzes von der speziellen Ril- 
le (28) festgestellt 

13. Verfahren nach Anspruch 12, 
dadurch gekennzeichnet, 

daft der weitere Bestimmungsschritt die Erzeu- 
gung eines Paares von Steuersignalen (N und Q) 
umfa&t, wobei das erste Steuersignal (N) die Dif- 
ferent der Ausgangssignalpegel zwischen der er- 
sten und zweiten Fotodetektorzelie (52) addiert 
zur Dif ferenz der Ausgangssignalpegel zwischen 
der dritten und vierten Fotodetektorzelie (52) ist 
(N = (A-B) + (C+D)), und wobei das zweite Steu- 
ersignal (Q) die Differenz der Ausgangssignalpe- 
gel zwischen der ersten und zweiten Fotodetek- 
torzelie (52) subtrahiert von der Differenz der 
Ausgangssignalpegel zwischen der dritten und 
vierten Fotodetektorzelie ist (Q = (A-B) - (C-D)). 

14. Verfahren nach Anspruch 13, 
dadurch gekennzeichnet, 

daft der Bestimmungsschritt ferner die Erzeu- 
gung eines Stellungsfehlersignals (PES) umfaBt, 
welches gleich der Summe des ersten Steuersi- 
gnals (N mal einer Funktion f(x)) und eines zwei- 
ten Steuersignals (Q mal einer Funktion g(x)) ist 
wobei f(x) und g(x) ungefahr sinusformige Funk- 
tionen darstellen und im wesentlichen um 90° in 
Phase gegeneinander versetzt sind und wobei x 
eine radiale Stellung zwischen zwei benachbar- 
ten Rillen (28) kennzeichnet 



R v ndlcatlons 

1. Systems p ur extraire un informati n de 
command d'un support (16) contenant, sur une 
surface dudit supp rt, un pluralite d zones re- 



flechissantes (26) ayant un premiere largeur t 
une pluralite de zones non reflechissantes, ou 
moins reflechissantes, (28) ayant une seconde 
larg ur, et comprenant : 

5 un tete optique (10) induant une source de 

lumiere (12) pour eclairer lesdites zones refle- 
chissantes (26) et lesdites zones non reflechis- 
santes (26) ; 

une lentille collectrice (34) pour focal iser 

10 une image desdites zones reflechissantes et 
desdites zones non reflechissantes ; et, 

un photodetecteur (50) servant a produire 
un signal electrique en reponse a Teciairement 
dudit photodetecteur (50) par ladite image, ledit 

15 signal electrique variant en continu lorsque ladite 

image se deplace par rapport au photodetecteur ; 
caracterise en ce que : 
lesdites zones reflechissantes (26) appar- 
tiennent a un support sous forme de disque cir- 

20 culaire (16) avec au moins une surface plate in- 
cluant un revStement a base d'une matiere d'en- 
registrement magnetique ayant ladite reflectivity 
a la lumiere ; 

lesdites zones non reflechissantes, ou 

25 moins reflechissantes, (28) forment une pluralite 
de rainures circulaires, indelebiles, concent rv 
ques, regulierement espac6es, (28) divisant ledit 
revetement a base de matiere d'enregistrement 
magnetique en une pluralite de zones d'enregis- 

30 trement magnetique concentriques annulaires, 
chacune desdites rainures circulaires (28) ayant 
ladite r6flectivit6 plus faible a la lumiere qui est 
sensiblement monotone de sorte qu'il existe un 
contraste optique entre chacune desdites zones 

35 d'enregistrement magnetique concentriques an- 
nulaires (26) et chacune desdites zones compre- 
nant lesdites rainures circulaires (28) pour def inir 
optiquement des positions radiales precises sur 
te support sous forme de disque ; et en ce que 

40 ledit photodetecteur (50) com pre nd au 

moins une premiere paire (A, B) de cellules pho- 
todetectrices (52) situees au droit d'une paire 
correspondante de premiere et seconde posi- 
tions adjacentes qui sont decaiees radiatement 

45 par rapport au support sous forme de disque (1 6) 
pour recevoir une lumiere r6fl6chie (32), d'une 
combinaison de ladite pluralite de zones d'enre- 
gistrement magnetique concentriques annulai- 
res (26) et de rainures circulaires (28), ayant pour 

50 origine la source de lumiere (12), lesdites pre- 
miere et seconde positions adjacentes (A, B) 
etant telles que ladrte premiere position (A) rece- 
vra la lumiere refiechie (32) par Tune de ladite 
pluralite de zones d'enregtstrem nt magnetique 

55 c ncentriques annulaires (26) et qu lad it se- 

c nd position (B) rec vra la lumiere refiechie 
(32) par Tune desdites rainures circulaires (28) 
adjacente a ladite un z ned'enregistrem ntma- 
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gnetiqu , t vice versa, nfonctiond la position 
radiale relativ du support sous forme de disqu 
(1 6) par rapport d la tete optiqu (10). 

2. Systems selon la revendication 1 , dans lequel la- 5 
dite paire (A, B) de cellules photodetectrices (52) 

a une combinaison de positions relatives de ca- 
racteristiques optiques et de forme de reponse 
qui font que chacun de leurs niveaux de signal de 
sortie (64 et 66) se deplace dans des sens 10 
contraires d'amplitude lorsque le support sous 
forme de disque (16) se deplace radialement par 
rapport & la t&e optique (10), une position radiale 
relative vers Pinterieur ou vers I'exterieur pouvant 
dtre determinee en comparant lequel des deux 15 
niveaux de signal de sortie (64 ou 66) avance ou 
retarde par rapport a. I'autre niveau de signal de 
sortie. 

3. Systeme selon la revendication 1 , dans lequel la- 20 
dite paire (A, B) de cellules photodetectrices (52) 

est telle qu'une reponse max! male pour chacune 
sera produite, respectivement, dans une premie- 
re et dans une seconde positions radiales de la 
tete optique (10) par rapport au support (16), les- 25 
dites premiere et seconde positions etant deca- 
lees radialement Tune par rapport a I'autre de tel- 
le facon que lesdits signaux de sortie (64 et 66) 
aient, pour les niveaux de sortie de signal, une re- 
lation de phase de 1 35° en fonction de la position 30 
radiale. 

4. Systeme selon la revendication 2 ou 3, dans le- 
quel ladite paire (A, B) de cellules photodetectri- 
ces (52) est telle que Iesdites caracteristiques op- 35 
tiques et de forme de reponse limitent leurs re- 
ponses individuelles de photodetecteura une lar- 
geur radiale qui ne depasse pas une distance 
predetermines (d) entre des rainures adjacentes 
(28), au moins une rainure (28) pouvant etre de- 40 
tectee par une cellule photodetectrice (52) quel- 
conque a un instant quelconque. 

5. Systeme selon les revendications 2 t 3 ou 4, dans 
lequel Iesdites zones d'enregistrement magneti- 45 
ques (56) ontune largeur radiale qui estsensible- 
ment plus grande que la largeur radiale associee 
auxdites rainures circulaires (28). 

6. Systeme selon Tune quelconque des revendica- so 
tions 1 d 5, dans lequel la tete optique (10) 
comprend en outre : 

une seconde paire (C, D) de cellules pho- 
todetectrices (52) situees dans un paire corres- 
pondanted troisiem tquatriem positi nsad- 55 
jacentes proches desdit s premier etdeuxiem 
positions de la pr mier paire (A, B) de cellules 
photodetectrices (52) et telles que la second 



paire (C, D) de cellules ph todetectrices (52) 
s lent decalees radial ment par rapport au sup- 
port sous forme de disque (16) pour recevoir une 
lumier reflechie (32), d ladit combinais n de 
ladite pluralrte de zones d'enregistrement ma- 
gnetique concentriques annulaires (26) etde rai- 
nures circulaires (28), ayant pour origine la sour- 
ce de lumiere (12), Iesdites troisieme et quatrie- 
me positions adjacentes (A, B) etant telles que la- 
dite troisieme position (A) recevra la lumiere re- 
flechie (32) par Tune de ladite pluralrte de zones 
d'enregistrement magnetique concentriques an- 
nulaires (26) et que ladite quatrieme position (B) 
recevra la lumiere reflechie (32) par Tune desdi- 
tes rainures circulaires (28) adjacente a ladite 
une zone d'enregistrement magnetique, et vice 
versa, en fonction de la position radiale relative 
du support sous forme de disque (16) par rapport 
d la tete optique (10). 

7. Systeme selon la revendication 6, dans lequel la- 
dite paire (C, D) de cellules photodetectrices (52) 
a une combinaison de positions relatives de ca- 
racteristiques optiques et de forme de reponse 
qui font que chacun de leurs niveaux de signal de 
sortie (64 et 66) se deplace dans des sens 
contraires d'amplitude lorsque le support sous 
forme de disque (16) se deplace radialement par 
rapport a la tete optique (1 0), une position radiale 
relative vers I'interieur ou vers I'exterieur pouvant 
dtre determinee en comparant lequel des deux 
niveaux de signal de sortie (64 ou 66) avance ou 
retarde par rapport a I'autre niveau de signal de 
sortie. 

8. Systeme selon la revendication 6 ou 7, dans le- 
quel ladite seconde paire (C, D) de cellules pho- 
todetectrices (52) est telle qu'une reponse maxi- 
male pour chacune sera produite, respective- 
ment dans une troisieme et dans une quatrieme 
positions radiales de la tete optique (10) par rap- 
port au support (1 6), Iesdites troisieme et quatrie- 
me positions etant decalees radialement Tune 
par rapport & I'autre de telle facon que lesdits si- 
gnaux de sortie (64 et 66) aient, pour les niveaux 
de sortie de signal, une relation de phase de 1 35° 
en fonction de la position radiale. 

9. Systeme selon Tune quelconque des revendica- 
tions 6 d 8, dans lequel ladite seconde paire (C, 
D) de cellules photodetectrices (52) est telle que 
Iesdites caracteristiques optiques et de forme de 
reponse limitent leurs reponses individuelles de 
ph todetecteur a un larg ur radial qui ne de- 
pass pasun distance predeterminee (d) entre 
des rainures adjacentes (28), aum insun rainu- 
re (28) pouvant etre detecte parun cellule pho- 
todetectrice (52) quelconque & un instant quel- 
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conqu . 

10. Systeme selon Tune quelconque des revendica- 
ti ns 6 £ 9, comprenant en outr : 

un moyen d'extraction de signal d'erreur 5 
de position pour obtenir un signal d'erreur de po- 
sition (PES) £ partirdes premiere etseconde pai- 
res (A, B, C, D) de cellules photodetectrices, et 
comprenant : 

un premier additionneur (138) pourtrouver 10 
la difference (U) entre des signaux obtenus de la- 
dite premiere paire (A, B) de cellules (52) ; 

un second additionneur (140) pourtrouver 
la difference (V) entre des signaux obtenus de la- 
dite seconde paire (C, D) de cellules (52) ; 15 

un troisi£me additionneur (141) pour trou- 
verla somme composee (N) desdites differences 
(UetV); 

un quatrieme additionneur (142) pour 
trouver une difference composee (Q) entre les- 20 
dites differences (U et V) ; et, 

un moyen de calcul (119) pour former des 
fonctions trigonometriques (Ncos (k), Qcos (k)) 
desdites somme composee (N) et difference 
composee (Q) et d'un angle de dephasage (k) et 25 
pour additionner lesdites fonctions (Ncos (k) et 
Qcos (k)) pour donner ledit signal d'erreur de po- 
sition (PES). 

11. Precede pour positionner de maniere asservie 30 
optiquement une tete d'enregistrement magneti- 

que (15) sur un disque circulaire plat (16) ayant 
une surface d'enregistrement magnetique (26) et 
une plurality de rainures (28) qui sont moins re- 
f lechissantes £ la lumiere que ladite surface d'en- 35 
registrement magnetique (26), le precede 
comprenant les etapes : 

d'eclairement d'une partie de ladite surfa- 
ce magnetique £ I'aide d'une lumiere (22) prove- 
nant d'une source de lumiere (12) ; 40 

d'extraction d'une information de comman- 
do de la lumiere r6fl6chie par ladite surface d'en- 
registrement magnetique (26) et par lesdites rai- 
nures (28) ; 

caracterise par les etapes : 45 
de detection d'une premiere reflexion (32) 
de ladite lumiere (22) au droit d'une premiere po- 
sition (A) £ I'aide d'une premiere cellule photode- 
tect rice (52) qui est proche £ la fois de lad ite sour- 
ce de lumiere (12) etde ladite partie de ladite sur- 50 
face d'enregistrement magnetique (26) ; 

de detection d'une seconde reflexion (32) 
de ladite lumiere (22) au droit d'une seconde po- 
sition (B) a Paid d'un s condecellul ph tode- 
t ctrice (52) qui est proche £ la f isd ladit sour- 55 
ce de lumiere (12) tde ladite partie de ladite sur- 
face d' nregistrem nt magnetique (26) et qui est 
decalee radialement par rapport £ ladite premiere 



position (A) d'une distance (w) plus petite qu la 
distance radiate (d) qui exist entre des rainures 
(28) adjacentes de ladite pluralite de rainures, qui 
s ntregulierem nt spacees et concentriques ; 

de comparaison d'une premiere sortie 
electrique (64) et d'une sortie electrique (66) des 
premiere et seconde cellules photodetectrices 
(52) respectives ; et 

de determination d'une position radiale de 
ladite tete d'enregistrement magnetique (15), par 
rapport £ une paire adjacente individuelle de la- 
dite pluralite de rainures (28) en analysant les 
donnees provenant de I'etape de comparaison 
pour voir quelle sortie electrique (64 ou 66) est en 
avance par rapport £ I'autre dans une augmenta- 
tion ou une diminution d'amplitude pour determi- 
ner le sens vers I'interieur ou vers I'exterieur par 
rapport & une rainure (28) particultere, et les va- 
lours relatives de ladite premiere sortie electri- 
que (64) et de ladite seconde sortie electrique 
(66) pour determiner un decalage radial relatif 
par rapport £ ladite rainure (28) particuliere. 

12. Precede selon la revendication 11, comprenant 
en outre les etapes : 

de comparaison supplemental d'une 
troisi£me sortie electrique (64) et d'une quatrie- 
me sortie electrique (66) provenant d'une paire 
(C, D) de troisieme et quatrieme cellules photo- 
detectrices (52) respectives adjacentes auxdites 
premiere et deuxieme cellules photodetectrices 
(52) ; et 

de determination supplemental d'une 
position radiale de ladite tete d'enregistrement 
magnetique (15), par rapport a une paire adja- 
cente individuelle de ladite pluralite de rainures 
(28) en analysant les donnees provenant des eta- 
pes de comparaison et de comparaison supple- 
mental pour voir quelle sortie electrique (64 ou 
66) est en avance par rapport £ I'autre dans une 
augmentation ou une diminution d'amplitude 
pour determiner le sens vers I'interieur ou vers 
I'exterieur par rapport £ une rainure (28) particu- 
liere, et les valeurs relatives de ladite troisieme 
sortie electrique (64) et de ladite quatrieme sortie 
electrique (66) pour determiner un decalage ra- 
dial relatif par rapport £ ladite rainure (28) parti- 
culiere. 

13. Precede selon la revendication 12, dans lequel : 

retape de determination supplemental 
comprend la production d'une paire de signaux 
de commando (N et Q), ou le premier signal de 
command (N) est la difference d niveau d si- 
gnal d sorti entre lesdites premiere et deuxie- 
me cellules ph todetectrices (52) aj ute £ la dif- 
ference de niveau de signal de sorti ntrel sdi- 
tes troisieme et quatri£m cellules photodetectri- 
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ces (52) (N = A - B) + (C + D)) t et oCi I second 
signal d commande (Q) est la difference de ni- 
veau de signal de sortie entre lesdites premiere 
t deuxieme c Nut s ph todet ctrices (52) sous- 
trarte de la difference de niveau de signal de sor- s 
tie entre lesdites troisieme et quatrieme cellules 
photodetectrices (52) (N = A - B) - (C - D)). 

14. Precede selon la revendication 13, dans lequel : 

I'etape de determination supplemental 10 
comprend en outre la production d'un signal 
d'erreur de position (PES) egal a la somme du 
premier signal de commande (N fois une fonction 
f(x)) et du second signal de commande (Q fois 
une fonction g(x)), ou f(x) et g(x) sont des fonc- 15 
tions a peu pres sinusoTdales et sont dephasees 
de sensibiement 90°, et ou x est une position ra- 
diale entre deux rain u res (28) adjacentes. 
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